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HINTS ON ELECTRICAL MAINTENANCE 
Section 1 


INSPECTION 


Le first requirement in the satisfactory mainte- 
nance of electrical apparatus is competent in- 
spection. ae 

General conditions should be determined by a thorough 


- initial inspection, after which a systematic maintenance 


schedule should be established. This schedule should 


‘include periodic routine inspections. The best time to 


inspect apparatus is while it is being cleaned. 

_ The inspector should have, at least, a general under- 
standing of the electrical and mechanical characteristics. 
of the apparatus in his care, and sufficient information 
concerning its correct operating performance to enable 
him to make minor adjustments and repairs. 


INSPECTOR’S EQUIPMENT 

The equipment available for the inspector’s use should 
include the following: | 

(1) Extension lines and flash lights 

(2) Special tools for disassembling apparatus 

(3) Air-gap gages, spirit level 

(4) Inside and outside micrometers 

(5) Test indicator (truth gage) 

(6) Megger or ohmmeter 

(7) Electrical instruments, thermometers, magnifying 

glass. (See Fig. 1 on next page) ee 

Where transformers and oil circuit breakers are involved, 
a portable oil testing set of the type shown in Fig. 2 
should be included in the inspector’s equipment, also 
any special tools or equipment that may be required to 
meet unusual local conditions. 2 

The inspector should also be provided with the manu- 
facturer’s instruction books pertaining to the apparatus 
which he examines, and with diagrams of connections 
and any drawings that may be necessary for the satis- 
factory performance of his duties. 
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INSPECTION RECORDS 


Inspection dates and information concerning the condi- 
tion of apparatus should be recorded. A card form to be 
filled in with figures and symbols will be found most 
convenient for routine inspection records. Special records 
covering cleaning, drying, varnish treatments and repairs, 
or re-construction, are very desirable. Changes in oper- 
ating conditions or in the location of apparatus should 
be reported. Dates are important. 


CLEANING 


Clean apparatus will give the best and longest service. 
Not only should electrical apparatus be protected against 
dirt and moisture, but also dgainst oil (which always 
collects dirt), acids, alkalis, chemical compounds, 
gases, etc., which may cause deterioriation of the insula- 
tion or corrosion of the metal parts. 

It is recommended by the: American Institute of 
Electrical Engineers that the insulation resistance of 
stator windings and armatures of clean, dry machines 
at. approximately 75°C. should not usually be less than 
given by the formula: 7 

Insulation resistance Rated voltage of machine 
in megohms ~ Rating in Kv-a. 


1000 
100 = 


The minimum insulation resistance of the field should 
be of the order of one-half to one megohm, depending on 
the size of the machine. It is the rather general practice 
of insurance companies to demand an insulation resist- 
ance of one, megohm per 1000 volts operating voltage, 
with a minimum of one megohm, for apparatus that is 
insured. : 


INSULATION RESISTANCE 


Insulation resistance measurements should be made at 
regular periods. A megger—or an ohmmeter—is most 
convenient for this purpose. Where 500-volt direct cur- 
rent is available, a. high-resistance voltmeter will give 
fairly satisfactory results, the method of measurement 
being first to read the voltage of the line, then to connect 
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the insulation in series with the voltmeter and take a 
second reading. “The insulation resistance is then cal- 


culated by the formula: 
| R= r (V-v) 
ee (1 000 000) 
in which V voltage of the line 
Vv voltage reading with insulation 
series with voltmeter 


r resistance of the voltmeter in ohms 


: R resistance of the insulation i 
nN in megoh 
The method of connecting the apparatus is ioe aa 


the diagram, Fig. 3. 


500 Volt Circuit 


Double Pole 
Double Throw Switch 


Jo Resistance 


ee ee ee erie 

OPERATING TEMPERATURES 
Due to inherent characteristics of insulating materials 
to general, high temperatures shorten the Operating life 
of electrical apparatus. The total (or actual) tempera- 
ture, not the temperature rise, should be the measure 
of safe operation—a relatively low temperature rise 
with a very high ambient may result in rapid deteriora- 
tion : of insulation. When either the windings or the 
bearings of a machine not specially designed for high 
temperature service attain temperatures in excess of 
90°C., the operating conditions should be investigated. 
The cause of gradually rising temperatures during a 


considerable period of time should be found and abnor- a . 
mal conditions should be corrected. Sharply rising tem- : @ 
peratures generally warrant a shut-down and a thorough s 


in 


examination of the apparatus. It is the practice of elec- 


trical manufacturing companies to rate apparatus in de- 


grees Centigrade. Many operating Companies use Fah- 
renheit thermometers. Fahrenheit-Centigrade tempera- 
ture conversion formulae are given below for the conven- 
ience of inspectors. 

Degrees Fahrenheit = % (Degrees Cent.) + 32 

Degrees Centigrade = 56 (Degrees Fahr. — 32) 
Temperature conversion tables will be found in another 
section of this Manual. 


SPECIFIC APPARATUS 

Subsequent sections will cover maintenance procedure R 

on various types of electrical apparatus. It is the inten- 

tion here to list only such rules for the inspector as apply 

in a broad, general way to rotating electrical equipment, 
transformers and circuit breakers. 


ROTATING APPARATUS 


Voltage Checks 
Unbalance voltage may seriously affect the operation 


-of sensitive apparatus, and single-phase operation is 


almost certain to result in damage to polyphase motors. 
Voltage readings taken at the terminals of a three- 
phase motor which will not start may be misleading, 
for even if one line is open at the transformer or starter, 
voltage will be indicated between all three lines at the 
motor if another three-phase motor has continued to run 
single phase on the same circuit. : 

(1) A variation in voltage not exceeding 10% is 
generally permissible. 

(2) Higher voltage will result in decreased power 
factor, increased torque, decreased slip, decreased effi- 
ciency, and increased temperature. 

(3) Lower voltage will result in increased power fac- 


tor, decreased torque, increased slip, increased effici- 


ency and decreased temperature. 


Current Collectors 

Proper care of brushes, brush rigging and current 
collecting parts is a fundamental necessity—if satisfac- - 
tory performance is to be obtained. Adequate inspection 
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Fe an important part of the maintenance of this equip- 


ment. Observe the following points: 
(1) Brushes should be accutarely adjusted and fitted 
to the commutator or collector rings. 


(2) Care should be taken to see that dirt, or particles | 


broken from the edges of brushes have not lodged be- 


tween a brush and the surface of the commutator or . 


collector ring. 

(3) Brushes must move freely in the brushholders, 
but should not be:so loose that “cramping” will occur 
when the machine is operating. ; : 

(4) Check the Spring tension. 

(S) The commutator or collector rings should pe 
smooth and true. aie 

(6) There should be no objectionable vibration. 

(7) The brushes must be correctly aligned and the 
commutator brushes must be properly staggered, pairs 
of arms (+ and —) being set out and in alternately. 


(8) In general, the temperatures should be low and © 


Sparkling or flashing should not occur. | 


Lubrication 7 
Periodically scheduled and proper lubrication is always 
of paramount importance in rotating equipment, and 
will be treated in detail in a later section. 
Checking the oil supply, the condition of oil rings and 
temperature of the bearing is the first duty of the in- 


Spector when checking a rotating machine, 


_ Mechanical Details 

It is customary to think of failures in connection with 
electrical equipment as electrical or insulation troubles, 
Many such failures, however, are strictly mechanical, 
and a surprisingly large percentage—although electri- 
cal—are due to mechanical causes. 

An unusual noise in electrical apparatus may be caused 
by vibration, due to— 
(a) unbalance or bent shaft 
(b) obstruction of the ventilating system 
(c) loose parts : 
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(d) faulty alignment | 
(e) system disturbance, or many other abnormal 
conditions. : 
No simple device is available for locating the source 
of, or analyzing the noise. The action taken must depend 
upon the judgment and experience of the inspector, 


Air Gaps 

Air gap adjustments are closely associated with bear- 
ing maintenance, especially so in the case of large ma- 
chines when doing any work which may affect the align- 
ment. Consult the manufacturer’s instruction book in 
adjusting the alignment of large apparatus. 


Belts 7 
In most industrial Organizations, the inspection—as 
well as the installation, adjustment and care of belts— 
is the responsibility of a Specially trained individual, 
or group of individuals. As the application of belts in- 
volves alignment, and as the belt tension affects bearing 
operation, it is necessary for the maintenance inspector 
to report belt alignments which seem inaccurate, tensions 
which appear to be excessive, and splices which look 
doubtful. He may question drives having upper - belt 
tension, and should take action to protect the electrical 
apparatus when there is evidence of belt static. 


TRANSFORMERS 


The inspection of an oil insulated transformer that is 
in operation is necessarily confined to’ observing and 
noting the oil level, the temperature as indicated by the 
gauge, noting at the same time both: the air or ambient _ 


temperature, and load conditions. 


If, for any reason, the condition of the oil is open to 
suspicion between the more detailed shut-down inspec- 
tions, samples should be drawn and tested in line with 
procedure outlined in manutfacturer’s instruction book. 

Any unusual noise should be noted for a more detailed 
investigation during a shut-down period. 

In the case of water-cooled transformers, the rate of 
flow should be checked from time to time. If found to have 
diminished, the cause should be looked for and remedied. 
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CIRCUIT BREAKERS 


The main points to be observed in the inspection of a 
oil circuit breaker are— 


(1) Condition of the oil 

(2) Condition of contacts, both main and auxiliary 

(3) Checking the operating mechanism to make sure 
it works freely yet is positive in closing, latchin 
and tripping 


The inspector should—while observing their condi- 
tion—lubricate pins and bushings subject to wear—see 
that all cotters are in place—and that all bolts, nuts and 
set screws having to do with the breaker structure are 
set tight. 

Note carefully any evidence of heating—wipe off all 
breaker bushings, and check for cracked bushings, 


The same general points should be observed in going 
over the operating mechanism of an air breaker, whether 
electrically or manually operated. 28 

In the adjusting or fitting of contacts, the manu- 
facturer’s instruction book should be followed closely, 
and when in doubt either as to procedure or the result 


being obtained, consult the manufacturer's Service 


Department. 


A RESPONSIBILITY , 
The duties and responsibilities of the electrical main- 
tenance inspectors are extremely important. The recogni- 
tion which his work will receive depends very largely on 


his reports. Operating executives are likely to be too ~ 


engrossed in other affairs to give much consideration to 


maintenance inspection until the equipment fails be- | _ 


cause of lack of attention, unless inspection reports 
emphasize doubtful or dangerous conditions. The organt- 


zation which includes maintenance inspectors who sup- | 


“plement good inspection. with good reports, and an 


' electrical superintendent—or operating executive—who 


takes prompt action when questionable or unsafe condi- 
tions are reported, will have low maintenance costs, and 
few interruptions of operation. ng 


re, 
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HINTS ON ELECTRICAL MAINTENANCE 


Section 2 


THE DIRECT-CURRENT MOTOR 


CLEANLINESS 


HE importance of keeping electrical equipment clean 

and dry is always worth stressing. Particularly is 
this true of the direct-current motor, with its commuta- 
tor, brushes and brush rigging. 


Suitable precautions must be taken to protect the 
motor from the effects of oil, dust, grease, moisture and 
corrosive gases. Commutators and brushes cannot give 
good performance when exposed to adverse conditions of 
this kind. 


Tools, bolts, oil cans, etc., must not be allowed to lie 
around the motor or on its frame. 


Keep the motor free from dust by the occasional use 
of;compressed air or hand bellows. | 


INSULATION 


The general subject of insulation is treated in detail 
in sections 3, 4. and 5. No special information for direct- 
current motors as a class is required here. 


THE ARMATURE 


The armature is the heart of the direct-current motor. 
Through it flows the main line current, and, if the machine 
is overloaded, the armature is the first to give evidence 
of distress. If given reasonable attention from the stand- 
point of inspection and cleaning, it should—under normal 


- operating conditions—give little or no trouble. 


















































If it does give trouble, the repair should be entrusted 
only to a competent person. 
In handling, observe the following points: 
~ (1) Don’t roll the armature about the floor. A coil 
may be injured; a band may be nicked. 


(2) Support or lift the armature only by its shaft, if 


possible. Otherwise, use a wide lifting belt under 
the core. 


(3) Never allow its weight to rest on the commutator 
or coils. 


Preserve the Winding 


Periodic varnish and baking treatments will prolong 
the life of the winding. First, however, clean the winding 
thoroughly with a solvent solution to remove grease and 
other dirt, and ; 

(2) Inspect coil bands, replacing any that are loose. 

(3) Pre-heat armature in an oven at from 85° to 100°C. 

(4) Keep the varnish at the viscosity recommended 

by the varnish manufacturer. 


(5) Immerse the armature endwise—commutator end — 


up. Allow to drain well before baking. 

(6) Bake also on end; this will avoid varnish piling 
up on one side, which may result in an out-of- 
balance condition when put into operation. 

The baking time and temperature should be in line 
with the varnish manufacturer’s recommendation. The 
average is usually from 8 to 12 hours at 100°C. 

Repeat with successive treatments if the machine iS 
operating under severe conditions of acid fumes, oil or 
moisture. | ge 


Keep Winding Tight 

Periodic treatments as above are desirable; even though 
the equipment is not -subj ect to adverse atmosp ia 
conditions. A winding will dry out and loosen in opera- 


tion. Loose windings fail rapidly when subject to centrifu-- 


gal stresses and vibration. 


a: 


Varnish treatments will fill the pores and crevices, put 
flexibility in the insulation and -hold the coils, solidly in 
the slots. 


A new armature winding will deteriorate rapidly un- 
less the coils fit snugly and are held rigidly in place during 
operation. When winding crane or railway type armatures 
it is common practice to preheat the wound core, install 
temporary bands, before the varnish and oven-treatment. 
These temporary bands are then replaced with permanent 
bands. This procedure will insure the coils being pulled 
firmly into final position in the slots while the insulation 
is warm and flexible. : 


Banding 


Insofar as possible duplicate the banding originally 
furnished by the manufacturer, that is, change neither 
the material in the banding wire, the diameter of the 
banding wire, nor the width or position of the band. 
Increasing the band width may cause heavy currents in 
the bands, sufficient to overheat and melt the solder. 


If larger or heavier banding is required, it may be 
desirable -to sectionalize, i.e., install two or more bands 
separated and insulated from. each other. Very high 
speed conditions may call for double banding, that is, 
one on top of the other. 


THE COMMUTATOR 


Since the commutator may assume an out-of-round 
condition after even treatment, it should be trued and 
polished in a lathe as a final operation. However, first 
examine it for any sign of looseness. ie , 


- If the commutator bars are tight they will give out a 
clear bell-like ring when tapped lightly with a small ham- 
mer. If the commutator does not ring, but instead sounds 
flat .when struck, pressure should be put on the front 
“Vwith a screw press, tightening the front ‘V” ring 
bolts as required. 
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Do not entrust this operation to any one who is not 
familiar with this work; upon indication that satisfactory 
results are not being obtained, consult the manufacturer’ S 
Service Department. 


The Mica “V” Ring 

The exposed portion of the front mica ‘V” ring is 
normally the target for moisture, oil and dirt, which fre- 
quently cause flash-overs and break-downs to ground. 


This section is usually protected with a layer of twine, 
covered with a layer of surgical tape sewed fast with 
linen thread. 


Westinghouse ‘672’? cement has proved to be a very 
good over-all finish, since it is both oil and moisture- 
resisting. 


A very effective protection is obtained by the follow- 
ing procedure: 


(1) Clean exposed mica thoroughly and brush with 
shellac. 


(2) Wind a layer of small torpedo twine, brush with 
i shellac and tron smooth with a hot iron. 3 
(3) Paint with “672” cement prior to giving the arma- 
ture its oven treatment, and allow to bake. 


(4) Apply a second coat prior to the second baking 
treatment of the armature. 


(5) Finish with a third coat as a final operation and 
allow to air dry. 


The result will be a very smooth finish, which will 
readily shed carbon dust and oil, and give maximum 
protection to the mica. 


Brush Shunt Corrosion : 

A large chemical company had a condition of acid fumes 
so severe as to corrode and destroy generator brush 
shunts within a two-months’ period. After wrapping 
one shunt with tape it was found to be in Eved shape 
after twelve months’ operation. 
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- satisfactory. 


Cotton stockinette sleeving was tried and proved such 
a splendid protection against corrosion fumes that the 


shunts now last as long as the brushes. In other plants, 


shunts dipped in melted vaseline or red commutator 


cement have effectively resisted corrosion. 


FIELD WINDINGS 


Do not conclude that a field winding is defective until 
you have carefully inspected theostats, switches, and 
other devices in the motor circuit. 


Connections and leads should be examined and tested 
to determine that they are electrically and mechanically 
If the series field winding of a compound- 
wound motor is connected in the reverse direction, the 
motor will either fail to start, or perhaps run in the op- 
posite direction, with a weak torque, but in any case the 
operation will be unsatisfactory, and sparking at the 
commutator will probably be. noted. 


If the field winding of any type of direct-current motor 
is open circuited,.the motor will fail to start or it will op- 
erate at excessive speeds at light loads, and serious spark- 
ing will occur at the commutator. 


FIELD COIL HEATING 


Heating of field coils may develop from any of the 
following causes: 


(1) Speed too low 

(2) Voltage too high. 

(3) Forward or backward lead of the brushes too great. 
(4) Partial short-circuit of one coil. 

(5) Overload. 


Faulty performance manifested by poor commutation, 
improper speed, and overheating of the armature is fre- 
quently traceable to defective field windings or improp- 
erly connected field coils. If the field circuit is free of 
grounds and a shorted shunt field coil is suspected, com- 
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parative resistance Pie iearements should be made of the 
individual coils and compared with the resistance of a 
similar coil which is known to be in good condition. Such 
a comparative check should be made preferably when the 
field windings are hot or are near normal operating tem- 
perature. 


The shunt field coil is made of a large number 
of turns of relatively small size conductor and a coi] 
which may show the correct copper resistance value when 
cold may show a lower value when heated. This is dye 
to defective insulation between turns on adjacent con- 
ductors, which may not actually produce short circuits 
until expansion has occurred with increased temperature. 


If the correct resistance value of a good coil is not 


known, comparative checks with either a Wheatstone 


Bridge or by the voltmeter-ammeter method will usually 
provide a reliable indication as to the condition of the 
coils. If neither a Bridge nor an ammeter is available, a 


clue as to the condition of the coils can be obtained by 


connecting all shunt coils in series to a source of constant 
potential and measuring the voltage drop across the in- 
dividual coils. | 


REPLACING FIELD COILS 


In removing a shunt or a series field coil, disconnect 
the coil from the adjacent coils and remove the bolts 
which secure the pole-pieces to the frame. This will make 
it possible to remove the pole-piece and :coil,.after which 
a new pole-piece with its coil can be installed. .Care should 
be taken in replacing the pole with the ‘coil, ‘to be sure 
that the same steel liners between the frame and the back. 
of the pole are replaced to insure an even air gap of the 
original machine: in reconnecting the coil, place it so as to 
obtain the Pie polarity of the coil. 


A very simple means of testing the polarity is by means 
of a compass, a needle or a piece of steel wire suspended 
from the middle by a string. The polarity should be al- 
ternately north and south around the frame. ...Bring the 


polarity needle within the magnetic field of any pole. 
One end of the needle will point towards this pole and this 
end should be repelled by the next pole and so on around 


the frame. If this reversal of the needle does not occur 


there is a wrong connection of the field coil. 


LOCATING BRUSH POSITION 


A new machine from the factory has its brush position 
determined on the test floor, by means of determining 
the electrical neutral, and it should not be necessary to 
alter it. If, for any reason, it is suspected that this may 
have been changed, the manufacturer’s instruction book 
gives full instructions for determining neutral by various 
methods. The method most commonly used, namely the 
“kick’’ method, is outlined here. 


With all the brushes raised from the commutator and 
the machine standing still, if the shunt field be excited to 
about one-half its normal strength and the field current 
suddenly broken, voltages will be induced in the armature 
by transformer action. It will be found that the induced 
voltages in conductors located at equal distances to the 
right and left of the main pole centers will be equal in 
magnitude and opposite in. direction. 


- Hence if the terminals of a low reading: = blemieter (5 
volts) are connected to two commutator bars on the.op- 
posite side of a main pole, and exactly half way. between 
the center lines of two main poles, the voltmeter will-show 
no deflection when the field current is broken.» The spac- 
ing of these commutator bars is, therefore, the correct 
- distance between brushes on adjacent brush arms. 


‘The most practical method of making this.check is.to 
make two pilot brushes of wood or fibre to fit the regular 
brushholder, each brush carrying in its center a piece of 
copper fitted for line contact with the commutator, and 
with the lead for connection to the voltmeter. By fitting 
two such pilot brushes in the holders of adjacent brush 
arms the brush rigging may then be shifted slightly for- 
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ward or backward, as necessary, until breaking the field | 


current produces no deflection on the voltmeter, 

By noting the position at which no deflection is obtaj | 
for each pair of brush arms, the average of the p aaa 
_ of neutral thus obtained gives the correct running | ae 
tion for the brushes. oe 

Another quick and convenient method of locating ne 
tral on a direct-current motor having shunt fields is a 
check the speed of the motor in either direction with i 


same impressed line voltage. The position of the brushes — 


which produce the same speed in either direction un 


| Pade de 
the same voltage conditions, is the correct neutral. “ 


BEARINGS* 


The bearings of all electrical equipment should be 
subjected to careful inspection at scheduled periodic in- 
tervals in order to secure maximum life. The frequency 
of inspection, including addition of oil, changing the oil 
and bearing wear is best determined by a study of. fhe 
particular operating conditions. 3 

The newer type of sealed sleeve bearings require very 


little attention since the oil does not become contaminated — 


and oil leakage is negligible. Maintenance of the correct 
oil level is frequently the only upkeep required for years 
of service with this type of bearing. 

Older types of sleeve bearings require a great deal more 
frequent inspection and checking for wear, and oil changes 
should be made more often. = ue IS : 

Safe temperature rise for a bearing is considered to be 
40° Centigrade rise above the room ambient. At this tem- 
perature a bearing feels only comfortably warm to the 
bare hand. : 

When electrical equipment has to operate under ex- 
treme differences in air temperatures (very hot summers 
and very cold winters) a lighter oil may be found desir- 
able during the cold weather. pe ae 
. Care should always be exercised in the use of reclaimed 
lubricating oils. The filtering operation should be positive 
and remove all foreign and injurious matter. 
*See section 9. ; 


¥ 


A warm bearing or a “hot box’”’ is probably due to one 
of the following causes: 


(1) No oil 
(2) Excessive belt tension 
(3) Failure of the oil rings to revolve with the shaft 
(4) Rough bearing surface | . 
(5) Improper fitting of the journal boxes 
(6) Bent shaft 
(7) A poor grade of oil, or dirty oil 
(8) Bolts in the bearing cap may be too tight 
(9) End thrust, due to improper leveling. A bearing 
may become warm because of excessive pressure 
exerted by the shoulder of the shaft against the 
side of the bearing 
End thrust, due to magnetic pull, rotating part 
being ‘‘sucked”’ into the field because it extends 
- beyond the field poles further at one end than at 
the other : 
(11) Excessive side pull, because the rotating part iS 
— out of center 


If the bearing becomes hot, first reduce the load if pos- 
sible and feed lubricants freely, loosening the nuts on the 
bearing cap, and if the machine is belt connected, slacken 
the belt. If relief is not afforded, shut down, keeping the 
machine running slowly until the shaft.is cool, in order 
that the bearing may not ‘freeze’, Renew the oil supply 
before starting again. 


A new machine should always be run unloaded or at slow 
speed for an hour or so in order to see that it operates 
properly. The bearings should be carefully watched to 
observe that the oil rings are revolving and carry a plenti- 
ful supply of oil to the shaft. 


Information concerning sealed-sleeve, ball, roller, thrust 


and other types of bearings is given in section 9, 


“Bearings and Lubrication’’. 
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BELTS 


The belt on a belt-connected machine should 
enough to run without slipping under both Startin 
running conditions, but the tension should not i a 
great or the bearing will heat. Belts should run with a 
side lapping, not against it, and the joints should be dres a 
smoothly so there will be no jarring as it pases 3 
the pulley. The crowns of driving and driven pulley Rca 
be alike, as ‘“‘wobbling”’ of belts is sometimes caused b 
pulleys having unlike crowns. If this is caused by sa 
joints, they should be broken’ and cemented over again 


be tight 


A wave motion or flapping is usually caused by slippage 
between the belt and pulley, resulting from grease spots 
etc. It may, however, be a warning of excessive overloea 
The fault may sometines be corrected by increasing es 
tension but a better remedy is to clean the belt. A back- 
and-forth movement on the pulley is caused by unequal 


stretching of the edges of the belt. If this does not cure 


itself shortly, examine the joints. If they are evenly made 
.and remain so, the belt is of poor quality and should be 
discarded. 


STATIC SPARKS FROM BELTS | 


_ Charges of static electricity, which may be of sufficiently 
high potential to cause discharges to the ground, some- 
times occur on belted machines, especially in dry weather. 
If the frame is not grounded, these charges may jump to 
the armature or field winding and thence to ground, punc- 
turing the insulation. : ee 


The belt and frame may be discharged by placing a 


number of sharp metal points, which are carefully ground- — 
ed, close to a belt, at a point near the machine pulley. If 


the field frame is grounded, there should be no danger 
to the insulation. : : es 





INSULATION OF FRAMES 


The desirability of insulating the frame from ground is 


an open question, and must be decided upon by the merits 


of the case. As a matter of fact, frames of machines up to 
700 volts are seldom insulated; it is well, however, to keep 
in mind that as a general rule, the strain on the insulation 
of the windings is decreased and the danger to the attend- 
ant increased by insulating the frame of the machine 
from ground. There is also a likelihood of flashing to 
ground with high voltage machines. 


Wall or ceiling-mounted belted motors that are oiled 
or adjusted while the attendant is on the crane or in con- 
tact with other grounded parts of the building should be 
given careful consideration. 


Direct-connected units necessarily have their rotating 
parts grounded through the driving machine and piping. 
The stationary parts might be insulated but it is difficult 
to accomplish this and at the same time secure the 
machine firmly to the foundation. 3 


RENEWAL PARTS 


Renewal parts for any standard motor should be ob- 
tained from the motor manufacturer. To avoid misunder- | 
standing, always give the serial number of the stationary, 
or of the rotating part of the machine, as the case may be. 
The former will be found stamped on the nameplate, and 
the latter on the end of the shaft. When material for coils 


is ordered, it should be stated whether or not insulation 


for the windings is also desired. 


The shipping notices sent by the manufacturer when 
the apparatus is shipped should be saved; they give the 
shop order numbers on which the apparatus has been 
built. These shop orders are an excellent means of identi- 
fication and materially assist in quickly locating all records 
regarding these parts. ~ : 
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GOOD MAINTENANCE 


Good maintenance simpl means 
in satisfactory operating sanding at fee ae ere 
tenance problem is—to a large extent—a reflectio S ee 
talent and forethought applied in selectin ng and : of the 
the proper type of equipment at the outset. Oca tine 


Obviously, the maintenance man who is well 
with the operating characteristics of, and the various t 
of motors, is in the best position to influen eee 


ee ce the pro 
application, and thereby simpli . per 
lems. y simplify his maintenance prob- 


acquainted 





HINTS ON ELECTRICAL MAINTENANCE 


Section 3- 


INSULATION 


MATERIALS AND APPLICATIONS 


HE maintenance of electrical apparatus is princi- 

pally the maintenance of insulation. Bearings, 
commutators and collectors require periodic attention; 
regulators, instruments and circuit breakers, while 
requiring adjustments, can all usually be continued in 
operation at least until an orderly shut-down may be 
arranged. 


When insulation fails, however, it is considered ex- 
tremely fortunate if only a temporary shut-down results. 


It is important to have an understanding of the qualities 


of insulating materials, if misapplications are to be dis- 
covered by the maintenance man before trouble occurs. 


A motor insulated for some furnace or boiler room 
application might fail very soon if applied to a sump 
pump or to certain paper mills drive. The converse 
is also true, for the best moisture-resisting insulators are 
not the most suitable for very high temperature service. 


Maintenance work is preventative. It is based on the 
theory that “‘it is better to KEEP. out of trouble than to 
GET out of trouble.” But if trouble does occur, 
temporary repairs made with poorly selected insulating 
materials may result in personal injuries, or in failure of 
the apparatus. 


For best results use only insulating materials recom- 
mended and developed, through years of research and 
experience, by reliable manufacturers for use in their own 
apparatus. ‘The reference numbers in the illustrations, 
that follow are Westinghouse numbers for the material 
indicated. 
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SECTION OF TYPICAL ARMATURE SHOWING 
DIFFERENT INSULATING MATERIALS USED 


BlackVarnished 
Cambric Tape 


Fishpaper 
and Mica 
Wrapper 


Fishpaper 


Fullerboard 





Se Westinghouse 
Item Description of Material Material 


Number 





Application 
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1 
2 
3 
4 
5 
6 
ial 
8 
9 
0 


1 


— pt 
be 


ry : > 
LO Ne oe ee 
NOOO ON DON BR wW 


Moldarta Ring 
Hood (Duck) 


Fishpaper U-piece 
Treated Duck © 
Treated Asbestos Strip 
Treated Asbestos Strip 
Treated Asbestos Strip 
‘Treated Asbestos Strip 
Treated Asbestos Strip 
Treated Duck Strip 


023” x 114” Treated Surgical 
Tape 


.023’’x 2’ Treated Surgical Tape 
1” Bias Friction Tape 
Asbestos Strip Cut on Bias 


1733 


- .010’’x1” Varnished Cambric Tape 1265 


1545 
1232 
1250 
1250 
1250 
1250 
1250 
1232 


7560-8 
7560-3 
1821 
2060 


-010’’x1” Varnished Cambric Tape 1265 


Machine Thread 
Fishpaper and Mica Strip 
Asbestos Strip Cut on Bias 
Fishpaper and Mica Strip 
Italian Twine 


Filling Cement 
Shellac 
Shellac 


Black Baking Varnish 
Moulded Ring over Coil Support 


1828 
232 
2060 
232 

- 2978 


1687 
1104 
1103 


2227 


Back of Commutator 

Over Rear Coil Support 
Over Front Coil Support 
Ends of Slot 

Between Coil and Bottom Lead. 
Between Rear End Winding 
Between Rear End Winding 
Between Rear End Winding 
Between Rear End Winding 
Between Front End Winding 
Between Coil and Top Leads 


Through Bottom Leads 
Through Top Leads 
Around Top Leads 

Under Rear End Coil Band 


_ Level Under Bands 


Assist in Banding- 

Rear End Coil Band 

Under Front End Coil Band 

Front End Coil Band 2 

Commutator V-Ring and top 
lead back. of commutator 
neck. <a 

Back of Commutator Neck 

Back of Commutator Neck & 
V. Ring 

Back of Commutator Neck & 
V. Ring 

Finish 





INSULATING MATERIALS COMMONLY USED IN MAINTENANCE REPAIR 


Cloth-backed 
Mica Tape 


Asbestos 
Sheet 


Flexible 
Mica Plate 


Molding Mica 
Plate 





Asbestos 


Tan Varnished Jap Paper 
Cambric Tape _and Cloth 
Mica Tape 


Segment 
Mica Plate 





























TYPICAL INSULATING SPECIFICATIONS FOR 
INDUSTRIAL MOTORS 


For identification purposes, the numbers given refer to 
Westinghouse materials. 


D-C. ARMATURES WITH 
MEDIUM SIZE ; 
CONDUCTORS 

Fibre No. 7540-1 33 or thick 
Shellacked paper strips No. 915 
.004 cotton tape No. 7560-1 not 
overlapped on slot portion of 
co 


.004 cotton tape No. 7560-1 
overlapped on ends but not 
overlapped on wrapper 


144 turns of No. 232 mica 


A-C. ROTORS WITH ME- 
DIUM SIZE CONDUCTORS 


Wedge-fibre No. 7540-1 3 
thick 


Double cotton-covered ribbons 
05° -edcls Fullerboard No. 
1581- 


.025 combination slot cell No. 
1269 “ 


Every strap is taped on ends 
with No. 7560-1—.007 cotton 
tape 

Also No. 1267 treated tape on 
phase coils 


wrapper for 600 volts or less 
.010 fish paper slot cell No. 979 


D-C. ARMATURES WITH 
LARGE CONDUCTORS 


Fibre No. 7540-1 3 or 32 thick 
No. 232 mica wrapper inter- 


woven on slot portion and cot- 
ton tape on alternate straps on 
end portions 


1 layer of .007 cotton tape No. 
7560-1 half overlapped on ends 
but not overlapped on slot por- 
tion 


010 fish paper slot cell No. 979 


A-C. ROTOR COIL 


@ Os) CEES LAL TAD REN Eee 
[gS 0 5s en LS 
se =) 
QC...” Lee 

AAC PE BBR S40 7, Ce 


Each ribbon taped on the ends with 
.004 cotton tape No. 7560-1 
Also No. 1267 treated tape on phase 
coils 


A-C. STATORS WITH ME- 
DIUM SIZE CONDUCTORS 


Wedge-fibre No. 7540-1 23 
thick 


Double cotton-covered ribbons 


No. 232 paper and mica wrap- 
per 314 turns for 2200 volts 


Wire copper ribbon 
.007 cotton tape No. 7560-1 
.010 fish paper slot cell No. 979 


Tape on ends No. 1267 and No. 





7500-1 


D-C. ARMATURES WITH 
SMALL CONDUCTORS 


Fibre No. 7540-1 3% or *% thick 


.003 Kraft paper No. 7611-6 


.004 cotton tape No. 7560-1 
overlapped on ends but not 
overlapped on wrappers 
14 turns of No. 232 mica 
wrapper for 600 volts or less 
.010 fish paper No. 979 

.003 shellacked paper 


Double jcotton-covered round 
wire 




















D-C. ROTOR COIL | 


Cotton tape No. 7560-1 and 
No. 1781 Varnish 





No. 1267 treated tape 
No. 232 mica wrapper 





No. 232 mica wrappe 
pper No..7560-1 cotton tape overall 


No. 1579 sleeving or No. 7560-1 
cotton tape 


A-C. STATORS OR ROTORS 
WITH SMALL CONDUCTORS 
Wedge No. 1545 fish paper U 
shaped 

Me: 1269 slot el wath high 
dielectric an mechanical SoS AEB as 

strength; moisture proof : | | Twine No. 3995 

No. 1269 U-shaped spacer be- Sees: Twine No. 3995 Twine No. 3500 
tween coils same material as He A 

slot cell eed 

Cotton-covered enamelled wire 
Tape on ends No. 7560-1 
Phase strips on ends No. 1267 














No. 1821 friction cloth ‘No. 1581-1 Fullerboard 





PROMISCUOUS WIRE COIL | ! Twine No. 1828 


Twine No. 1828 
Small A-C. Stators. 


No. 672-3 enamel 


SaaS 


—= 


SAAAAANS 


No. 251 mica 


: | Treated duck No. 1232 encl 
No. 7560-1 cotton tape on ends | fiction cloth No. 1801 osed in 





No. 51 micarta 


Varnished cotton sleeve No, : : : 
5 on lead . If commutator is undercut use No. 207 mica segments 
055 on leads ; If commutator is not undercut use No. 210 mica segments 
Single cotton-covered wire 


Surgical tape No. 7560-3 shellac 
treated paper or Fullerboard No. 
1581- 








Surgical tape No. 7560-3 


Friction cloth No. 1821 see Ms ae 





Treated duck No. 1232 enclosed in 
friction cloth No. 1821 


5 
1 
Ta 


WR" 


Friction tape No. 1821 - | 3 OLD 
Fullerboard No. 1581-1 


No. 251 mica 





30 SS | : : 34 


























RP4-15 *CLASSIFICATION OF INSULATION 
MATERIALS (NEW) 
Class A ; 


Class A insulation consists of cotton, silk, paper and 


similar organic material when impregnatedt{ or immersed 


in oil; also enamel as applied to conductors. 


Class B 


Class B insulation consists of mica and asbestos and 
similar organic materials in built-up form combined 
with binding substances. If Class A material is used in 
small quantities for structural purposes only, in conjunc- 
tion with Class B insulation, the combined materials 
may be considered as Class B, provided the electrical 
and mechanical properties of the insulated winding are 
not impaired by the application of the temperature per- 


mitted for Class B material. (The word .“impair” is here - 


used in the sense of causing any change which could dis- 
qualify the insulating material for continuous service.) 


Class C 


Class C insulation consists of inorganic materials such 
as pure Mica, porcelain, quartz, etc. 


Class O 3 : 
Class O insulation consists of cotton, silk, paper and 
similar organic materials when neither impregnatedf{ nor 
immersed in oil. | | 
#*A.S.A. Standards. ; 


+ Impregnated Cotton, Paper or Silk—An insulation is considered to 
be “impregnated’’ when a suitable substance replaces the air 
between its fibers, even if this substance does not completely fill 
the spaces between the insulated conductor. The impregnating 
substance, in order to be considered suitable; must have good 
insulating properties; must entirely cover the fibers and render 
them adherent to each other and to the conductor; must not 
produce interstices within itself as a consequence of evaporation 
of the solvent or through any other cause; must not flow during 


the operation of the machine at full working load or at the tem- 


perature limit specified; must not unduly deteriorate under pro- 
longed action of heat. 


Fiber Wedge No. 7540-1 


Se TMA) sae Wer 1 setae” 
~ . LS) 0 i} 
: ' no two hare rer 

Wrapper No. 232 45 WML | : . ‘i Cotton binding tape. 

Seats te : YW currents. Coils impregnated by 
: Vacuum and_ pressure 

pe Coven tape method in asphalt gum, 

Wall Anes aber _Fishe 

No. 232 or ‘Black Bond 

Mica Tape No. 7086. 


.010 Fishpaper Slot 
Cell No, 979 
Tape coil ends with No. Asbestos tape No. 159 


1266 Bias V.-C. Tape for binding wall insula- 
and No, 7560-1 Cotton tion. No Slot Cell. 
pe 


STANDARDIZATION OF INSULATION SYMBOLS 
FE FOR RENEWAL PARTS-COILS 
Scope 

To provide a standard indexing system for designating 
Insulation Symbols as incorporated in the design of coils 
for rotating electrical apparatus. This index is a grouping 
of insulation classification symbols contained in the Amer- 
ican Standard for Rotating Electrical Machinery C 50- 
1936 and the letters ‘‘N”’, “X”’, “V"’, and “U”’. 


Plan of Formulation 


The first letter of the index is the American Standards 
Association Classification Symbol for the conductor 
insulation, the second for the ground insulation, and the 
third for the outside binding tape. The substitution of 
*"N”’ indicates the absence of that particular insulation 
and the letter “‘U’ indicates untreated asbestos binding 
tape. The fourth letter, if present, and if ‘‘X”’ indicates 
slot size, or if ‘‘V’’ indicates vacuum and pressure im- 
pregnation. The fifth letter ‘‘V’’ if present, is used when 
there are already four letters and indicates vacuum and 
pressure impregnation. 


Example : 
Index ABAX means Class. A conductor insulation, 


‘Class B ground insulation, Class A outside binding tape, 


and the X indicates that the coil is slot size and normally 
does not require a.slot cell. 


RP4-10 CLASSIFICATION OF COILS 
_ A-C. and D-C. Field Coils 


INDEX 


Vacuum and 
Pressure 


~ CLass oF INSULATION* 


Dipped d isated ianetia We tees guste os 
Treatment Impregnation | Conductor | Ground |Binder 


AAAV 
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_ Adopted Standard 



































RP4-10 CLASSIFICATION OF COILS—Continued. 


D-C. Armature—A.C. Stator and | 
Slip Ring Rotor Coils 


INDEX 
CLASS OF: - 
VACUUM AND INSULATION* 
PRESSURE 


IMPREGNATION 


#K* 
Non- 


Slot Slot Slot Slot Con- 
Size | Size Size Size. |ductor|Ground 


AAA | AAAX |AAAV 
AAO 


ppp >>> 


A 
A 
A 
B 
B 
B 
B 
B. 
B 
B 
B 
B 


Vez WrrozZz Zar WW WR>woOZZ ZWWWPD 


**Slot cells are not furnished with non-slot size coils. 
*1-1 A.S.A. Standards. 
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LIMITING “HOTTEST-SPOT” TEMPERATURES 


Limiting temperatures (called ‘‘hottest-spot’’ temper- 
atures) have been established tor Purposes of Standardi- 
zation. The hottest spot temperature is the primary 
point of reference, or ‘‘Bench Mark’’, used as the basis 
for the following scheme of temperature delimitation: 


For Class O Material 
For Class A Material 
_ For Class B Material 125°C; 
For Class C Material no limit yet selected 


In actual practice lower limits should, for various rea- 
sons, be frequently used. 3 


The temperature limit for any one class of insulation 
may vary widely according to the quality of the material 
used, the thoroughness with which it is constructed, and 
its application in service. 


LIMITING OBSERVABLE TEMPERATURES AND 
CONVENTIONAL ALLOWANCES 

Limiting ‘“‘observable’’ temperatures are determined 

from the limiting “‘hottest-spot’’ temperatures by sub- 

tracting therefrom a specified number of degrees, which, 


‘for the purposes of standardization, is the margin fixed be- 


tween the limiting hottest spot and the limiting observ- 
able temperatures. This margin is designated as the 
“CONVENTIONAL ALLOWANCES”. 


The specified differences (which may be specified the 
“CONVENTIONAL ALLOWANCES”) by which the 
“observable” temperatures are, for the purpose of stand- 
ardization, assumed to be lower than the “hottest spot” . 
temperatures, are as follows: 


Thermometer Method 
Resistance Method 


The limiting observable temperatures for use with the 
three methods of temperature determination respectively 


' are arrived at by subtracting the ‘‘Conventional Allow- 


ances’ from the limiting “hottest-spot’’ temperatures 
for insulating materials for each class, and are as follows: 


Limiting Observable Temperatures 
ClassO ClassA ClassB 
: Material Material. Material 
Thermometer Method 152°C, 90%E; 110° C.. 
Resistance Method 802: Co :952°G: 115° C. 
Embedded-Detector 
Method 85°C. 100° C. 120° C. 












































TEMPERATURES AFFECTING OIL 3 
The limiting observable temperature rises of apparatus 


immersed in oil should be so chosen the that correspond. 


ing temperatures of the oil in which it is immersed wil] 
not exceed 90° C. | 


LIMITING OBSERVABLE TEMPERATURE RISES 
The surrounding air temperature rarely exceeds 40° C, 
Limiting observable temperature rises—for the purpose 
of assigning a rating—are obtained by subtracting 40°C. 


from the limiting observable temperatures given in the — 


above table. The limiting observable temperature rises to 
be used in rating and testing machines are given in the 
sections of the Standards dealing with specific machines. 
They are in some cases greater, and in other cases smaller 
than those given in the table following: : 


Limiting Observable Temperature Rises 


ClassO ClassA ClassB 
Material Material Materia] 


Thermometer Method Sion OF 50°C. ORC 
Resistance Method 40°C, §5°C: 1526 
Embedded-Detector 
Method 60°C. S0ZCx 
American Institute of Electrical Engineers Standards 
for dielectric tests are given in another Section under 
“Insulation—Cleaning—Drying and Testing’. 


MATERIAL CHARACTERISTICS 
Characteristics of insulating materials commonly used 
in maintenance repairs are described below, under ma- 
terial headings. 


Asbestos 

For electrical insulating purpcses this material is 
generally used in the form of asbestos paper or paper 
tape, asbestos mill board or asbestos lumber. In such 


forms it may contain from 10% to 20% of wood pulp and » 
glue to give it strength. The scrysotile asbestos may be. 


spun and made into asbestos cloth or cloth tape, which 
generally ccntains approximately 14% of cotton. Selected 
long fibre material is made into 100% asbestos twine. 


Asbestos is very poor electrical insulation, but an ex- 
cellent vehicle for insulating compounds. When dry and 
properly treated it is valuable for high temperature insu- 
lating applications and for dissipation of corona in high 
voltage apparatus. Furthermore, it is one of the few 
fabrics that termites will not destroy. 
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Glass 

Until recently, this material has not'ben considered a 
‘Maintenance insulation. Now, however, glass is being 
spun and woven into fabrics that have some excellent 
insulating properties. Further details on this material 
will be given upon request. 


Iron Oxide (Venetian Red) 

This very finely divided red oxide of iron is the base of 
‘several very valuable insulating elements, enamels, 
varnishes. It is generally compounded with shellac and 
copal, with alcohol as a solvent. Westinghouse 672 enamel 
belongs to this group. It is necessary to thoroughly dry 
such compounds in order to drive out the alcohol, which 
is corrosive and will cause deterioration if it remains in - 
the insulation. 

Mica 

Mica is mined in the form of large crystals. These split 
readily into thin, tough, parallel-sided laminae or flakes. 
The two kinds most generally used for insulating purposes 
are: : 

Muscovite, usually called white or India mica. 

Phlogopite, generally called amber mica. 

Mica is probably the most valuable insulating material 
in general use, having the following characteristics: 

1) High dielectric strength 

High insulation resistance 

Low dielectric loss, or power factor (2% to 5%) 

Specific inductive capacity, or dielectric constant 

is 4 to 8. : 

Acid resistance is excellent 

Mechanical strength is very good 

Flexibility is excellent 

Hygroscopicity is very good 

Heat conductivity is comparatively good 

Deterioration from heat factor is excellent 
Commutator Insulation | 

In the construction of commutators, the builder may 
use either the white mica, or amber mica. 

If white mica is used for commutator segments it is 
necessary to undercut the segment for the reason that 
the copper bars will wear faster than the mica causing a 
rough surface and pitting of the bars. To offset this, white 
mica plate is usually considerably cheaper than the amber. 

The amber mica is sufficiently soft to afford even wear 
with the copper bars and for this reason undercutting 
is not usually necessary. ca | 3 

Westinghouse segment micas, White ¥207 and Amber 
*210 are noted for their uniformly distributed bond and 
after the commutators are seasoned and in service there 
is no danger of looseness or slippage. 
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Cotton 
Like all other organic materials, cotton is not suitable 


for high temperature applications which the inorganic 


materials described will withstand satisfactorily, yet 
the uses of cotton for electrical insulation are many and 
diversified. Cotton, in the form of fabrics, is extensively 
used for electrical insulation. These fabrics are generally 
processed with various varnishes, compounds or gums. 
Some of these composite materials have remarkably 
valuable insulating properties. 


Cotton Fabrics : 

Untreated materials are used extensively for oil type 
transformer insulation. They are thoroughly dry when 
immersed in the oil, which quickly impregnates all fibres. 
The result is an insulating material having excellent 
physical and dielectric properties. ; 

Treated (or what might. be termed ““pre-treated”’) 
fabrics are the fundamental Class A insulating materials. 
There are many varieties of these treated fabrics. The 
two most commonly used are: 

Tan-Linseed oil or tung oil varnish-treated cloths 
and Black—Varnish and asphaltum, or bitumen, com- 
pound-treated cloths. ; 

When tested in sheet form between 2” electrodes the 
instantaneous breakdown voltage of the tan varnished 
cloths will generally be not less than 1000 volts per mil., 
and the black cloths 1200 volts per mil. The other dielec- 
tric properties of these materials are very good. | 


Adhesive or Friction Tape 


This insulating material, which is a cotton fabric 


treated with a viscuous rubber or bitumen compound, is 


used very little as electrical apparatus insulation, except. 


on the coil end connections of low voltage induction 
motors, where it is thoroughly covered with shellac or 
varnish. When ‘‘fresh’’ and in good condition, it may 
have a dielectric strength of approximately 100 volts per 
mil, but it deteriorates very quickly when exposed to air. 


Paper ; : ts 
Many varieties of paper are used in insulating elec- 
trical apparatus. These range from the very thin Japan- 
ese tissues, through the cotton rag, the Manila (hemp) 
the Kraft, (wood pulp) and the jute (used principally in 
making fibre) to the thickest fish paper and fullerboard 


types. Because of an extreme tendency to absorb mois- — 


ture, untreated papers have little insulating value. Papers 
treated or impregnated with oils, varnishes, or com- 


pounds may have high dielectric strength and other © 


valunble insulating properties. Tuffernell is a new de- 
7 38 : 


_ velopment in insulated round magnet wire consisting of 
a layer of very high grade paper bonded or cemented. 


over a very high grade enameled wire. 


It has more than 50% greater dielectric strength than 
other insulated wires. 


The over-all size of the insulated conductor is smaller 


_ than with conventional insulation, therefore, enters the 


slots easier and permits the use of more copper in a 
given slot area. 


Shellac—Is one of the oldest insulating materials, and 
it is still one of the natural gums most commonly used 
in the electrical industry. 

Orange shellac, which is generally used for insulating 
purposes, has a dielectric strength of 450 to 580 volts 


per mil. It has extremely high insulation resistance and 


low dielectric loss, or power factor. Although shellac 
dries with a hard, tough film, it is very brittle. The melt- 
ing point increases after each melting until after pro- 
longed heating it becomes more or less infusable.- The 
moisture resistance of shellac is low and consequently 
it is affected by climatic conditions. ; 
Shellac is an excellent binder for mica and other solid 
insulation as it has particularly good adhesive properties. 


Varnishes 


Insulating varnishes are of great importance in the 
electrical industry, and particularly in the maintenance 
of electrical apparatus. An insulating varnish is a chem- 
ical compound of varnish gums and drying oils, having 
high dielectric strength and other properties that afford 
protection to the windings of electrical apparatus. 


There are eight distinct. types of insulating varnishes 
in general use. These are: 


Clear flexible baking 
Clear hard baking 
Clear air drying 
Black flexible baking (‘‘black plastic’) 
Black hard baking (‘‘oil proof’’) 
Black air drying : 
Insulating and black air drying, finishing. 
Thermoset _ , 


Insulating varnishes are compounded to meet specific 
applications. The varnish best suited for treating arma- 
ture coils would not be satisfactory for oil-immersed 
transformers. Clear varnishes, in general, are not as 
moisture-resisting or acid resisting as the blacks. They 
are oil-resisting, however. 
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Baking varnishes are usually applied by the dipping or 
the vacuum process. When facilities for such operations 


are not available, the varnish may be brushed or sprayed | 
on the insulation. Unless the windings have been pre- 


viously well filled with varnish or compounds, the brush- 
ing or spraying method is likely to be much less satisfac- 
tory than the dipping process. The usual baking tempera- 
ture is from 110° to 135° C. The baking time will vary 
from six hours to forty-eight hours, or even longer 
depending on the size of the apparatus. | 


An impotrant function of an air-drying varnish is to 
‘produce a surface ‘coating of high dielectric strength and 
good appearance. Such varnishes are usually applied by 
the spray method. : | 


Thermoset. Varnish—In recent years, synthetic resins 
have been used extensively in varnish manufacture. 
The phenol-formaldehyde series are representative of 
the heat-hardening resins, and varnishes containing 
them are heat-hardening or thermo-setting. They will 
cure by heating alone and do not require oxygen. Cer- 
tain other resins used in varnishes are thermo-plastic 
and will resoften when heated, although some of these 
will set after continued heating. 


Insulating Oil 


The quality of the oil in oil-insulated apparatus is of 
equal importance to the proper initial selection of the 
apparatus itself. This has reference to oils used for insu- 
lating and cooling transformers, oil circuit breakers, 
starting devices, feeder regulators, etc. 


The most important property of insulating oil is high 
dielectric strength. It is important, however, that it 
maintain its fluidity over the complete range of tempera- 
tures to which the equipment may be subjected; that it 
have a high flash point, be free as possible from sludging 
and have the property of quickly separating from water; 
also that it contains no mineral acid, alkali or free sulphur. 

WEMCO—C oil meets all of these conditions, and has 
the dielectric strength of 22,000 volts when tested in 
accordance with standard specification D-117 of the 
American Society for Testing Materials. 

A great amount of research has been done in develop- 
ing this oil as a universal oil suitable for the general run 


of oil insulated apparatus, thereby making it unnecessary 


to stock different grades. 


Micarta : ) | 
Micarta is made of layers of cloth, paper, or wood, satu- 
rated with either a synthetic or organic resin, and then 
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compressed under heat; this makes the resin permanently 
hard, and the Micarta will never thereafter be softened 
by heat, pressure or solvents. It was as an insulator that 


Micarta was developed and today has innumerable ap- 


plications as such.: 


While most- good insulating materials are mechanically - 


weak, Micarta is the equivalent of a ‘‘metal’”’ that is non- 
magnetic and also an insulator. It is strong, tough, rigid, 
and is readily machined from rod or plate stock. Molded 
pieces of intricate shape are also obtainable. Harder and 
stronger than wood, it will not readily split or break, even 
from a violent blow. 3 ; 


Most of the grades absorb very little moisture, and are 
not affected by moderate strength acid solutions. 


A few Micarta applications in electrical equipment are 
—insulating washers, controller panels, controller cams, 
tubing, brush rigging, bus bar supports, insulating bar- 
riers, spools for magnet coils, and transformer insulation. 

Practically all Westinghouse Service Shops carry a 
stock of Micarta of various grades, and will gladly ad- 
vise regarding its use for a specific job. : 


CHOOSING THE PROPER MATERIAL 


The proper insulation of electrical apparatus requires 
not only knowledge of materials but the correct appli- 
cation of these materials. The materials listed herein are 
those which Westinghouse—as a result of many years of 
research and experience—is using in the manufacture of 
its apparatus and in the repair and maintenance opera- 
tions carried on in the thirty-six Westinghouse Service 
Shops. a 
- Materials required for the usval standard applications 
are carried in stock at Westinghouse District Service 
locations. : 


Westinghouse will gladly advise you relative to prob- 
lems of special or untisual nature in the application of 
insulating materials. 


The application table on the following page will assist 


you in selecting the proper insulating varnish for your 
specific job. Cements, compounds, and certain enamels 


are also included. ' 


The reference numbers indicated are Westinghouse 
material numbers. ° : 
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| SUGGESTED APPLICATIONS 


ee x 


Suggested Application 
tators, armatures, where 
2 a 


flexibility is required. 
High speed armatures, 


Mill and mine motors, 
armature coils and rail- 
way armatures. 

Finishing coils, weather 
proofing wood, fiber, etc. 


flexibility is not impor- 


Coils, armature, 
tant. 


Automotive Armatures... a MN ah i Ae 
Castings (protecting in weather) 
Pomenting © Coils 


S 


Charac- 
ter 
-| Tough 
Hard 
Flexible 
Tough 
Flexible 








Excel 
lent 
Excel- 

lent 
Excel- 
lent 


Hard 
Tough 
Film 


Commutator V-Rings 
Collectors... sR ee eee Se eee 
Control Boxes (Interior) | 


Excel-| Good 


Good 
lent 
ir | Good 


RESISTANCE TO 


Electrical epee (Finishing) 
Field Coils. 








Acid |Alkali 
Good | Good | Good 
Fair | Fair 


Good | Fair 
Good | Fair 


Fractional HP. Motors 
High Speed Armatures 
High Frequency Radio Coils 


Household Motors 
High Temperature (Steel Mills). 
Industrial (General) 


Ignition Coils 
Insulation Coating & Finishing. 
Metal Surfaces (Coating) 


Moisture & Salt Resistance 
Mining Apparatus 
Mush Wound Stators 


Packing Plant Motors 
Protecting Metal Surfaces 
Porous Materials (sealing) 


Pipe Threads (Sealing) 
Railway Armatures 
Retouching Apparatus. 


Radio Coils 
Smoothing & Filling 
Steel Mill Apparatus 


Surface Insulation (Protection) 
Textile Mill Motors 
Transformers 


Vibration Conditions 
Wound Apparatus (Finishing) 
Wound Apparatus (Treating) 


‘ : 
ee ee - 


Method 
of 
Apply- 
ing 
Brush 
dip or 
spray 
Brush 
dip or 
spray . 
Brush 
hr. at 110° to | dip or 

spray 
Brush 
dip or 
spray 


Method) 
Bake 
8 to 16 hr. 
110° to 120° 
120%G: 
Bake 8 to 10 
120° C. 
Air-dry 
4to6hr 





Drying Time 
(ASTM 
Bake 8 to 10 
hr. at 110° to 


Thinner 
Benzine 
Benzine 
Benzine 
Benzine 


INSULATING VARNISHES 


eral Use 
50 
.850 
50 


Recom- 
Shipped | mended 
8 8 i 


SPECIFIC 
GRAVITIES | 


As 
Approx. | for Gen- 


.870 








Extra 


Long 
1700 | Long 


1800 | Life 
Life 


1850 | Life 
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HINTS ON ELECTRICAL MAINTENANCE 





| Section 4 
INSULATION 


CLEANING AND DRYING 


es and jumper heads. 
flectors, chutes, also 


rheostats, 
lumber, porcelain, 


potheads, terminal 
stone, etc. 


Also liquid foér 646 
in bushings, sealing 


protective coating. 


V4 pt. liquid. 
For filling around lead 


~ 


= elie ht eee wee 
Suggested Applications 
Sealling, cementing and 
Filling back of commu- 
For repairing are de- 
Used as a filling cement 
or coating resistance 


For filling junction box- 
tators 


a 
1% lb. powder to 


QO 
Approx. 
Lb 
per Gal 
8 





OOP 


Distinctive 
Properties 


| Dee ees insulation, or the medium Separating 
conductors, has been defined as any. non-conductor 
of electricity. However, materials commonly used as 
insulation are non-conductors only when they are clean 
and dry. This is characteristic of liquids and gases (in- 
cluding air), as well as of solid insulating materials. 


©Q 


to remove if neces- 
Not strong 
shrinkage. 


putty. 
High heat resistance. 


Sharp melting. Easy 
Liquid cement 

Good Ins. 

Oil proof and little 
High heat resistance. 
Applied cold like 


& O 


. 


e502 


a 


ae 


Operating instructions provided by the manufacturers 
emphasize the importance of KEEPING ELECTRICAL 
APPARATUS CLEAN AND DRY. Favorable loca- 
tions, suitable enclosures and adequate ventilation, drip- 
proof covers, splash-proof protection and heaters to 
prevent condensation when apparatus is out of service, 
all reduce interruptions and lower maintenance costs. 
However, when electrical apparatus does get dirty, insu- 
lation must be cleaned. Many maintenance men who 
lived through the floods of 1936 and 1937 certainly know 
that some times insulation must be dried. Furthermore, 
to determine that insulation is clean and dry, it must be 
tested and this subject will be covered in a jater Section, 


CLEANING 


The methods of cleaning insulation include wiping 

off the dirt with a “‘clean dry cloth”: blowing it out with 

- air pressure; drawing it off with suction apparatus; re- 

moving it’in various ways with solvents, and washing 

it off with water—sometimes hot water and a solvent 

are required. This method will, of course, depend upon 
the type of apparatus and conditions involved, 


Wiping cloths 3 


When the apparatus is small, and: only dry dirt has 
collected on exposed parts, cleaning with a dry cloth 
may be satisfactory. Waste should not be used, as the 
lint will adhere to the insulation and collect dust, mois- 
ture and oil. Dirt or moisture-filled lint is particularly 
objectionable on high voltage insulation as it tends to 
cause concentration of corona. tec 
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Drying 
or Setting 
Time 
Sets upon cooling 
Sets upon cooling 
3 to 4 hours at 
200° C 


sof 
INSULATING COMPOUNDS AND CEMENTS 
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Hard 
cement 
cement 


= 
cw 








ee] eS 
ma 





Oil 
Good 
Excellent 
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RESISTANCE TO 








Uy yD 
Moisture 
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Excellent 


Pouring 
Temp. 235°C. 
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Black 


or Cement 
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Cement 


























Compressed Air 


Blowing out dirt with air about 50-lbs. : 
usually effective, particularly when the dirt has colleves 
in places which cannot be reached with a cloth. General- 
ly, cleaning can be done more quickly with compressed 
air than with a cloth. This applies especially to large 
apparatus. Do not direct compressed air against insula- 
tion until certain that it is free from moisture that ma 
have accumulated in the air line from condensation. To 
great an air pressure may loosen binding tape and blow 
dirt under it. Dirt blown out of a machine is likely to 
be drawn into others that are in operation near it 
Remember, the use of compressed air simply transfers 
the dirt from one location to others and unless the final 
location is outside the operating room, very little good 
may be accomplished. 

Vacuum 7 

The old adage of an ounce of prevention versus a 
pound of cure applies full well in the matter of keeping 
apparatus clean. Suction apparatus may be applied to 
give excellent results in collecting copper dust and other 
waste materials; as example, during the grinding of 


GRINDING STONE 


VACUUM BAG 





commutators and collector rings. Dust of this nature 
is highly conductive and if allowed to enter the windings 
of armatures, field coils, etc., it is sure to result in serious 
insulation failures. 


A simple, effective and inexpensive device for collect- 
ing dust during the grinding of commutators and collec- 
tors is illustrated in Figure 1, and can be made from three 
small pieces of equipment, viz.,:(1) a four-foot length 
of 114” rubber hose; (2) a vacuum bag from a household. 
vacuum cleaner; (3) a small ejector which may either 
be purchased or improvised from a 114” “Y”’ pipe fitting. 


At one end of the rubber hose cut away, in the form 
of a long arc, the bottom and about half of the sidewalls 
to fit the radius of the commutator or ring to be ground. 
Cut a hole in the hose in the middle of the remaining 
arc portion to fit the grinding stone. Fit the hose to the 
stone and commutator or ring so as to form an enclosure 
or ‘‘shoe’’ around the grinding surface to collect the dust. 
Attach the other end of the hose to the intake of the 


ejector. Attach the vacuum bag to the exhaust of the 


ejector. Use compressed air from a-shop air line to 
produce the suction. : : 


Solvents 


If the accumulation of dirt contains oil or grease, a 
solvent will usually be required to remove it. There are 
three types of solvents in general use for this purpose. 


These are petroleum distillates, such as benzine or 
gasoline (not benzene or benzol, which are extremely 
toxic and should never be used), carbon tetrachloride, 


and a mixture of the two. 3 
Benzine or gasoline has the least corrosive action on 


the insulation varnishes and for that reason—where 


conditions permit—are preferable to the other solvents. 


Benzine having a flash point of 100° F. or higher, is 
perhaps the most generally desirable. 7 


Solvents known commercially as ‘‘Stoddard Solvent” 


(described in U. S. Bureau of Standards as ‘‘Commercial 
Standard CS-3-28”), Cleaner’s Naphtha, or Safety Type 
Solvents minimize the fire hazard and should be used in 
preference to gasoline or benzine, but ample precautions 
should nevertheless be used to prevent fires or explosions. 
When this type of solvent will not properly clean the 
apparatus a mixture of carbon tetrachloride and petro- 
leum solvents may be used. A mixture of 50% carbon 
tetrachloride and 50% benzine,. or 60% carbon tetra- 
chloride and 40% gasoline is non-inflammable but the 
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vapors mixed with the right proportions of air are 
explosive. 


Carbon Tetrachloride 


In extreme cases it may be necessary to use i 

) ; nec stra 
carbon tetrachloride; however, its toxic effect ee 
be considered. 


This is a non-inflammable compound, but i 
mild and somewhat pleasant bdet there is ae a 
working in excessively high concentrations. Since its 
vapor is heavier than air it may accumulate in pits and 
confined spaces. Even moderate exposures are ver 
dangerous after drinking intoxicating liquors. y 


This solvent is much more corrosive in its action than 
the petroleum solvents. It evaporates quickly, however 
and may be used for cleaning windings with mild risk. 
if reasonable precautions are taken. 


Applying Solvents 


In cleaning electrical apparatus, solvents are generally 
used by wiping the insulation with cloths moistened 
with the cleaning fluid. In special cases, the solvents 
may be sprayed on the insulation, or the insulated parts 
may be dipped into the solvent. 


Caution: Note Carefully 


When petroleum. distillates are used, guard care- 


fully against fire and explosion. 


Both benzine and gasoline are very inflammable 
and their vapors are extremely explosive when 
mixed with the proper percentage of air. 


Be sure there is good ventilation and minimum 
fire risk. 


If possible, do not let the worker's clothing be- 
come saturated with the solvent. : 


If the clothing should become saturated, it should 
be removed before leaving the work. 


Always have fire extinguishers handy. 


Keep metal tools from striking metal parts of the 
apparatus. 


Coe shoes should not have protruding 
nails. 


If using a hose to spray either cleaning solution 
or varnish, make sure that the nozzle is grounded. 





When using carbon tetrachloride, workmen should 
be guarded against breathing the fumes and they 
should be under the close observation of some one 
familiar with artificial respiration. 


Where the conditions are particularly bad, work- 
men located in pits or the holds of vessels should 


wear gas masks. 


Adequate ventilation should be provided when 
any type of solvent is being used. 


Water, or Water and Solvents 


Electrical apparatus which has been filled with dirt 
by plant operations, dust storms or other unusual con- 
ditions, or has been submerged during a flood and is 
clogged with mud and foreign matter, will probably 
require a thorough washing out. In such cases, dis- 
assemble the apparatus and thoroughly wash all parts 
with water. Use an approved solvent to remove grease 
from the insulation. If water is applied to insulated 
parts with a hose, the pressure should not exceed 25 lbs. 
per square inch. 


* Figure 2 is an actual photograph of the application 
of such measures following the Ohio River flood in 1936. 


- FIGURE 2—CLEANING FLOOD-DAMAGED MorTors. 
WITH WATER PRESSURE ; 
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When apparatus is covered with chemicals, grease 
or other foreign matter, a steam “Jenny” will be found 
very useful. This is a device for heating flowing water 
and ejecting it through a nozzle under pressure. 


The construction of such a device is illustrated in 
Figure 3. 


SPRAY VALVE 


VAPOR 
/ PRESSURE 
GAGE 
= 
we S fae 
FPF] 


0 
a 


WATER TANK 
SURROUNDING 
GENERATOR 


Wy My, \\ ye 
Vn He 


au 


VERTICAL SLANTED 


SOLUTION 
TANK 


FUEL OIL 
TANK 


PRESSURE 
SWITCH 


of 


FIGURE 3—TyYPicaL ARRANGEMENT OR CONSTRUC- 
TION OF STEAM “‘JENNY”’ 








It is equipped with an attachment to inject a liquid 
solvent into the flowing water. The proportion of solvent 
to water depends upon the amount of grease and oil 
to be removed. The temperature of the water or mixture 
applied to the insulation should not exceed 90°C. (194°F). 
Remove surface moisture with a clean cloth. Do not 


use waste. 
DRYING 


The matter of drying or removing moisture from 
insulation naturally follows cleaning. Here, too, we 
find Prevention much better than the Cure. 


-It may generally be asumed that insulation is mois- 
ture-free when the electrical apparatus is shipped by 
the Manufacturer.. However, surface moisture may 
accumulate during shipment and installation. periods, 

and there is also likely to be some absorption of moisture 
from the atmosphere. 


Experience indicates that new apparatus insulated 
for operation below 3300 volts may safely be placed in 
service without special drying, if a careful inspection 
of the windings does not disclose defects, dirt or moisture, 
and insulation tests are satisfactory. It is good practice, 
however, to operate such apparatus at lower than normal 
voltage for a short time, if it is practicable to do’so. 


The insulation of new apparatus wound for 3300 volts 
and higher service should be dried if a hot insulation 
resistance test shows a value below a safe minimum, 
which is usually accepted as one megohm for each 1000 
volts of operating or rated. voltage. ; 


Methods of Drying 


There are three general mietnads of eye the insu- 


lation of windings: 

- External Heat 

Internal Heat 
A.combination of External and lnteraat Heat 


Where it is possible to have apparatus dried under 
vacuum while hot, this is, of course, an extremely effec- 
tive process. 


DRYING WITH EXTERNAL HEAT | 


It is extremely important that the insulation of new 
electrical apparatus should be protected against moisture 
after the apparatus has arrived at its destination. The 
most satisfactory. procedure is to maintain the insulated 
parts and the air immediately surrounding them at a 


temperature of 15° C. to 25° C. higher than the general 


air temperature of the room in which the apparatus is 

located, but not less than 40° C. actual temperature. 

This procedure will not only keep dry all insulation that 
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is dry when the apparatus is received, but it will dry off 
surface moisture that may have accumulated during 
shipment of the equipment, If continued during the 
time generally required to erect large apparatus, such 
drying procedure will usually raise the insulation resist- 
ance from a value indicating extreme dampness to one 
entirely satisfactory for over potential tests or for placing 
the apparatus in service. 

The method of producing and applying the heat will 
depend on many and widely varying conditions. Seldom 
will conditions be found ideal, and consequently the 
problem of drying may often require, on the part of the 
operator, a great deal of ingenuity and resourcefulness, 
Since much damage can be done by the misapplication 
of heat to the windings of electrical apparatus, it is of 
paramount importance that this type of work be en- 
trusted to competent persons only: Consult with the 
Manufacturer’s Service Department ifin doubt. _ 

_ The application of heat to the windings should in no 
way injure the insulation by overheating it, nor should 
it be applied so rapidly that internal vapor pressures will 
be developed sufficient to form pockets or to rupture 
the insulation. Furthermore, it is essential that adequate 
provision be made for the circulation of hot air within 
the apparatus being dried and that openings, for the 
escape of moisture-laden air and of gases, be made at 
the.top of the enclosure. 


With Steam Heat He 

Where low pressure steam is available, radiators or 
steam pipes placed below the end windings of a stator 
will provide safe and easily controlled heat. The en- 
closing parts should be set up against the frame or-a 
temporary enclosure should be used. There should al- 
ways be ventilating openings at the top of the machines 
to provide for the escape of moisture. 

Where machines are equipped with wter coil air 
coolers, low pressure steam may be circulated through 
these coolers to keep the insulation dry or to dry it. 


With Forced Air : | 

Hot air may be forced or blown through electrical 
apparatus to dry its insulation. The air may be heated 
by steam coils, in hot air furnaces, by electric heaters 
or by open fires, Although it will remove surface moisture 
quickly, generally this method is inefficient and costly, 
unless a blower and air duct have been provided for the 
‘permanent installation and there is ample space to 
locate a heating unit in the duct. _ 3 

Open fires are objectionable in many ways and should 
be used only when no other source of heat is available. 
They are dangerous to workmen because of carbon 


monoxide fumes and fire risk. The property damage 
may be high. Even if no fire occurs, the building walls 
may require scrubbing to remove smoke and smudge 
resulting from their use. Heat from open fires should 
not be directed against the electrical apparatus unless 
the products of combustion are prevented from being. 


deposited on, or coming in contact with the insulation. 


More harm may be done by gases, ashes and soot or lamp 
black than would be done by moisture. Rather elaborate 
duct baffles may be required if heat from open fires is used. 

Figure 4 illustrates the emergency use of a kerosene 
torch against a steel plate baffle as the source of heat 
in drying out a large D-C. generator after being sub- 
merged by flood waters. Such procedure is not generally 
recommended. 


FiGURE 4—HEROIC MEASURES APPLIED TO A FLOoD Sus- 
MERGED GENERATOR. Not GENERALLY DESIRABLE 
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FIGURE Se UNie FIEATERS ARE A VERY EFFECTIVE 
sae oF DRYING 


Figure 5 ilistaatece a more desirable procedure when 
possible, namely. the use of unit heaters. 


A crude lookis ng, but: avery. effective emergency source 
of heated air for. drying is illustrated in Fig. 6. It con- 
sists of an improvised’ coil of piping set into a coke-fired 
salamander and connected to a source of compressed air 
throttle to low pressure. The hot exhaust in this case 
was piped to the tat os a transformer requiring drying. 


With Electric Heater rs : 


External drying‘of the’ insulation. of eféetrival rotating 
apparatus by electric: heaters: distributed under the end 
windings is strongly. récommended. Space..heaters are 
most convenient for this‘ purpose. These’ heaters are 
only 346’ thick, 1144” wide. and.from 12” to 43” long, 
depending upon inee capacity. The cost of the heaters 
is low and their installation will’cost=very little. These 
heaters are so sturdy and have SO many applieayon 
that the salvage value is high. » Catt! 


tr 


Heater Capacity Required 


The radiation factor of apparatus: iD be dried varies 
to such an extent with the type of apparatus _and with 
the conditions under which the heaters are applied that 











FIGURE 6—ANOTHER METHOD OF OBTAINING HoT 
AIR UNDER PRESSURE 


it is impracticable to give definite ie for use in cal- 
culating the heat required for a satisfactory drying 
temperature. The approximate K. W. capacity of heat- 


ers required for drying the insulation of an enclosed type 


horizontal machine, such as a turbine generator or syn- 
chronous condenser, may be obtained by multiplying 
the total outside area of the end bells in square feet, by 


the desired degrees Centigrade rise and dividing by 


1000. This assumes that space heaters will be suspended 
under the end-windings and that there will be small 
vents at the top of the frame. 


The insulation resistance of high voltage armature 
windings depends almost entirely on the condition of 
the end-winding insulation. This insulation is not dried 
efficiently (and sometimes not safely) with internal heat, | 
and when dried externally the punchings and other metal 
parts absorb a considerable part of the heat, making it 
still more difficult to calculate the heat required. 


When drying the insulation of a large vertical machine 
that has not been subjected to unusual dampness, the 
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temperature of the stator end-winding insulation will 
rise much more rapidly than the temperature of the 
stator punchings. Record both temperatures. 


With space heaters suspended under the end-windings 
and the exhaust ventilation at the top of the machine, 
the temperature of the end-winding insulation should 
be slowly brought up to 85° C. and then maintained at 
that temperature until the insulation resistance has 
dropped to the minimum and then increased to a satis- 
factory value. This may be obtained before a tempera- 
ture of 55°C. is indicated on the armature punchings, 


The required heater capacity for drying the insulation 
of vertical machines is difficult to determine by a genera] 
formula, as such machines, particularly large vertical 
water wheel generators, differ greatly in design and con- 
struction. 

Experience indicates that generally the Ansulation of 
large vertical machines may be dried satisfactorily by 
using, under the end-windings, a total capacity of space 
heaters equivalent to 2/4 to 3 watts per square foot of 
the outside cylindrical area of the stator punching assem- 
bly per degree Centigrade rise required. 

As an example: Frame 52-280-47 indicated that the 
machine has 52 poles; that the frame bore, or the out- 
side diameter of the stator punchings, is 280 inches, and 
that the punching assembly is 47 inches wide, or high. 
The approximate heater capacity in KW required for 
drying the insulation with a temperature rise of 59°C. 
may be derived by the calculation: 


280 x 3.1416 x47 _ 59 x2.5 3 
ee 1000 =42.33 (KW) 


This worked out very satisfactorily in drying four vertical 
waterwheel type generators built on the 52-280-47 frame. 


These formulae cannot be expected to apply in every 
case on account of the variations in constructions of var- 
ious types and makes of machines. They are given as a 
guide or starting point from which adjustments may. be 
made as required to obtain the desired degree of heat. 


Oven Heat 


A permanent drying oven will be a good investment 
for a large industrial or power company operating many 
_ motors in damp locations. Sump pump and some steam 
auxiliary motor drives are examples of such applica- 
tion. Oven drying is particularly desirable for small 
transformers, direct current armatures, control appar- 
atus, etc. It has also been used extensively in “‘salvag- 
ing’ flood damaged apparatus. F 








A good temporary oven may be made of panels of 
heat insulating material secured to wood frames, or 
of sheet iron, brick, or concrete blocks lined with any 
of the many insulating materials. 

Ovens should be ventilated to provide air circulation 
and to remove moisture. Some form of temperature in- 
dicating device should also be provided. Electric or 
steam heat is safest. Pre-heated air may be forced 
through the oven. Many types of heaters may be used 
if arrangements are made to eliminate fire risk and keep 


_ products of combustion out of the oven. 3 


DRYING WITH INTERNAL HEAT 


The coil insulation of wound electrical apparatus 
may be dried by circulating current through the wind- 
ings. Internal heat can be developed in this way without 
subjecting the insulation to voltages that might damage 
it during the drying operation. The procedure will 
depend upon the type of apparatus to be dried and on 
the facilities available for producing or applying the 
‘current. 

There is always danger of serious injury to the wind- 
ings when drying the insulation with current since the 
heat generated in the inner parts is not readily dissipated; 
furthermore, coils containing moisture are much more 
susceptible to injury from overheating than they are 
when thoroughly dry. Gases and vapor generated : 
within the insulation by high temperature may develop 
such pressure that they are forced through the insula- 
tion, breaking the continuity of the layers or actually 
rupturing the material. This method should be followed 
only under competent supervision. : 

The drying should be continued until the insulation 
resistance has dropped to a minimum and has then in- 


“creased until at least one megohm for. each 1000 volts 


operating voltage is indicated, but in no case less than 
one megohm, regardless of voltage. It may then be de- 


_ sirable to maintain the temperature at from 15 to 25° 


above ambient until ready for operation. 


Alternating-Current Generators 


The short-circuit method means short-circuiting the 
armature windings and driving the generator, applying 
sufficient field excitation to give somewhat less than full 
load armature current. When the windings are provided 


with imbedded temperature detectors or when tempera- 


tures are determined by the increase of resistance 
method, the current may be adjusted to maintain an 
internal temperature of 85° C. from the beginning of 
the “dryout run’. If the temperature indications are 
obtained by thermometers located’ on the outside of 
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high voltage coil insulation, however, several hours may 
elapse before maximum temperature, under constant 
current, ventilation and ambient temperature conditions, 
are indicated; and since these temperatures may be 
from 2° C, to 25° C. lower than the temperatures at the 
inside of the insulation, it follows, therefore, that the 
temperature by thermometer should not exceed 65° C. 


LOW VOLTAGE FROM AN EXTERNAL SOURCE 
may be applied to A-C. Generator windings for drying 
coil insulation. The current must be controlled so as 
not to exceed full load current. The field poles of many 
A-C. generators are provided with damper windings. 
If the field does not rotate, or if it rotates at low speed 
these windings may overheat. Any excessive tempera- 
ture necessitates a change in the drying operations. 
When alternating current is applied to the armature 
from, an external source the field windings should always 
be short-circuited. 

LOW VOLTAGE DIRECT CURRENT is seldom 
available for drying large A-C. generators. Large elec- 
tric welding apparatus has, however, some times been 
used for this purpose. A slow drying temperature may 
usually be obtained by connecting the armature windings 
in series with the field winding and applying exciter 


voltage, if a separate exciter or bus excitation is available. 


Synchronous Motors and Condensers 


The short-circuit method is generally impracticable 
for drying synchronous motors and condensers. Low 


voltage from an external source may be applied with 


satisfactory results under the conditions described: for 
A-C. generators, but it is seldom available where this 
-type of apparatus is installed. External heat from electric 
heaters will be found more satisfactory. 


Synchronous Converters 


If the converter can be driven from some external 
source, such as a separately belted motor, it may be 
dried by the short-circuit method, using the following 
procedure: os | 


Raise the collector brushes; short circuit the arma- 
ture on the direct-current side. Use a very weak field 
excitation. If the converter is shunt wound, low volt- 
age separate excitation must be used; if compound 
wound, the armature may be short-circuited through 
the series field coils. 


Synchronous converters are very sensitive when oper- 
ated as series machines and there is danger of generating 
an excessive current which may result in damage to the 
machine and also personal injury. Consequently, this 
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‘method of drying should not be undertaken except by 


the most experienced operators. Note the precautions 
listed under D-C. Generators, below. | Me 

When drying synchronous converters with current © 
from a separate A-C. source, block the rotor so that it 
cannot turn. Raise the direct current brushes. Short 
circuit the shunt field. Apply approximately 10% of 
normal alternating current voltage to the collector rings. 

COMMUTATORS that are so wet that the insulation 
does not dry out when the winding insulation is dried 
will require special treatment. 

If the front V ring is secured by bolts or studs, remove 
two that are diametrically opposite, if possible, and drain 
out any trapped water. In some constructions, the bolts 
cannot be removed, and it may be necessary to take off 
several nuts in order to get the water out and to admit 
hot air inside the assembly. When the front V ring is 
held in place by a nut or a threaded ring, the commutator 
should be securely banded before the V ring is loosened 
or removed. | 

The hot vacuum process is most satisfactory for drying 
commutators. Oven drying may be effective but it is 
slow. When conditions necessitate drying the commuta- 
tor of a large machine without removing the armature 
from the field frame, this may be done by forcing hot air 
inside the commutator assembly or by applying low’ 
temperature electric heaters to the surface of the com- 
mutator. Extreme care and very close attention will be 
required for such operation. Commutators that were hot 


_when submerged are likely to have water in the segment 


mica as well as in the bush and V rings. 


Direct-Current Generators 


The short-circuit method of driving is applicable to 
direct-current generators also. : 

In drying large D-C. machines, or rotary converters, 
by this method, it is advisable to operate them as shunt 
wound separately excited machines. : 

The series field should be taken out of circuit or re- 
versed so that it becomes a differential series field winding. 

On large compensated shunt wound machines it is 
often necessary to shift the brushes with rotation. This 
gives the machine an inherent drooping characteristic 
and tends to prevent the current from ‘‘creeping’’ up 
to dangerous values. In all cases an ammeter should 
be inserted in the armature circuit and the short circuit 
current kept within the nameplate value. 

Frequency Converters—If one machine of the set is in 
safe condition for operation the machine to be dried 
may be driven as an A-C. generator and dried by the 


59 



































™ 


short-circuit method. When both machines require dry- 
ing, arrangements may some times be made to use a 
belted motor to drive the unit with both machines short- 
circuited. In most cases, however, external heat from 
electric heaters will be found quite satisfactory. 


Industrial Motors 


Small and medium size A-C. or D-C. motors may be 
disassembled and dried satisfactorily in an oven. 


Large individual motors are often dried in an im- 
provised oven or ‘“‘hot box”’ built around the motor and 
heated by electric grids or space heaters. 


Drying Transformers 


In drying out transformers, there are at least four 
methods which may be used: 


(a) By internal heat 

(b) By external heat : 

(c) By internal and external heat 

(d) By heating in oil 

In general, method (c) is recommended as the one 
most effective, as well as practical. Method (d) requires 
much longer time. 


Drying under vacuum while hot is a more effective © 


method, if a vacuum tank is available, or particularly 
in the case of larger transformers, if the transformer tank 
itself will permit drawing a vacuum. This will be dis- 
cussed later. : 


External Heat 


Using external heat only, a large transformer may be 
placed in its own tank without oil and dried by blowing 
externally heated air into the tank at the bottom through 
the main oil valve. The top of the tank should be well 
ventilated. A small blower or fan should be used to get 
the proper circulation. It is necessary to force the heated 
air up through the ducts in the transformer windings. 
To accomplish this, baffles should be placed between 
the core and the case, closing off as. much of the space 
as possible.’ 

The best way to obtain the heated air is by blowing 
the air through grid resistors or around electric space 
heaters. The heaters should be placed in a fire-proof 
box. The temperature limits of the windings are from 
80° C. to 90° C. measured by resistance. The temperature 
of the air entering from the heaters should not exceed 


125° C. Measure the temperature of the windings by. 


rise in resistance method frequently to make sure that 
the transformer is not overheated. 
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As illustrated in Figure 7, a satisfactory heating unit 
may be improvised from an oil drum covered with several 
layers of asbestos paper. Cut out one end or “head” 
and in the other end cut a hole of sufficient size to con- 
nect a piece of stove pipe from the drum to the lower 
valve opening of the transformer tank. Fasten 20 space 
heaters (500 watt, 30” long, 114’ wide) to two 10” 
O. D. steel hoops and suspend this heater assembly in 


Ficure 7—A HEATING UNIT READILY ASSEMBLED FROM 
SPACE HEATERS AND FAN MOUNTED IN AN OIL DRUM 


= 


should be placed in a horizontal position 


the drum, which 
near the transformer tank. Support a 16’ exhaust fan 
(Westinghouse Style #516942 is excellent for this pur- 
pose) at the open end of the drum. A standard 12” office 
fan has also given very good results in an emergency. 


The heat may also be obtained by direct combustion, 
but it is essential that none of the products of combustion 
be allowed to enter the transformer case. Heating the 
air by combustion is not recommended except as a 
last resort. 
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An emergency may warrant lacin 
heaters inside the transformer teal Be ee ace 
the transformer has been submerged and free water 
must be driven out of the laminated steel structure: but 
because of the fire risk and the hazard of explosive gases 
developed, drying with this arrangement of heaters 
requires specialized supervision. 


If for any reason it is not expedi 
an. a pedient to dry the t - 
former in its own tank, it may be placed Fe a wooden 


box with holes near the bottom and top for circulating | 


hot air. The same gi i 

; | precautions as given for drying j 
its own tank should be taken to see that the air is foes 
to circulate through the oil ducts in the insulation. 


Every precaution must be taken to prev 
drying out by this method. The seta ie bee ee 
very carefully during the entire drying. If the blower 
should stop, the grid current should be turned off at 
once to prevent overheating. Insure this by havin 
both heater and blower on the same circuit. | : 


Fire extinguishers, preferabl 
‘ ’ y of the i 
chloride type, should always be available. CU OOe teae 


Internal Heat 


The short-circuit method may also be _ 
velop heat to dry the instlation of cine coe 
the transformer in its case without the oil and with the 
cover left off to allow free circulation of air. The low- 
voltage winding should be short-circuited and sufficient 
alternating current voltage impressed across the hich- 
voltage winding to circulate enough current throu h 
the coils to maintain the temperature at from 80° C a 
90° C. measured by resistance method. About one-fifth 
of normal full-rated current is. generally sufficient to 
do this. The impressed voltage necessary to circulate 
this current varies within wide limits among different 
eres but will generally be approximately 144% 
eles normal voltage of the windings at normal 


ae veeeiaas of i winding must be used, not 
ips, so the current will ci 

winding. tculate through the total 
- The current may be controlled by a th Pies piel: 
with the high voltage winding. y eostat in series 


_ This method of drying is slow, and it is unreliable 
in that moisture may be trapped in large coils and not 


indicated by megger readings. Particularly is this true . 


with high voltage coils which are easily d 
ama 
too rapid or excessive heating. 7 H a 
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: Drying with Internal and External Heat 


Other than the vacuum method, which is not generally 
applicable for maintenance work—particularly for large 
apparatus—the quickest and most thorough way of 
drying coil insulation is by applying both internal and 
external heat. . | 

To carry out such drying procedure satisfactorily, 
the operator must have a comprehensive understanding 
of all the conditions involved, and constant attention 
will be required to prevent damage to the insulation. 
Internal temperatures of the windings must be obtained 
at frequent intervals by the rise in resistance method, 
and the drying arrangements must be such that the 
temperature control is quick and positive. 

This method od frying insulation requires considerable 
equipment and skilled attention. It is likely to be costly, 
but the cost is sometimes warranted because of the 
shorter time required for drying the insulation of ap- 
paratus that may be urgently needed for service. 


Drying under Vacuum 

The vacuum method employing either external or 
internal heat is a quick and most effective way of drying 
transformer insulation, where it can be used. Unless 
the transformer can be removed to the factory, the cost 
of equipment and ‘‘set-up’’ is high and constant expert 
attention is required; consequently it is seldom used in 
“field” operations. Since it also requires that tempera- 
ture measurements be calculated by the resistance 
method, this process’ should only be entrusted to the 
most experienced hands. a 

Many large transformers may be dried in their own 
tanks by this method when the tanks will safely with- 
stand the external pressures resulting from high vacuum. 
Line and short-circuit connections may be made at the 
terminal bushings outside the tank, although when 
transformers have not been completely assembled it is 
sometimes better practice to connect to the high tension 
windings through the low tension bushings and short- 
circuit the low tension windings inside the tank. 

Temperature indicator leads, and temperature re- 
sistance leads for windings not connected to terminal 
bushings may be brought out through spark plugs tapped 
into the temporary blank covers. 

Except for the vacuum-tight tank instead of the open 
tank, the drying procedure will, in general, follow that 
described for the short-circuit method. The vacuum 
should be approximately 25’ to 28”. The maximum 
temperature of the insulation should not exceed 75° C. 
The temperature should be rdised slowly to approxi- 
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mately 55° C, in the first eight hours; to 65° i 
second eight hours, and to 75° C. in the third Ae house 
Heating in Ol 


For this method the transformer is subm in oj 
é erged 

and the heat is generated as in the shore-cieue mageeel 

The moisture is driven from the coils and insulation into 


the oil, and is removed from the oil by evaporation and. 


by passing through a filter press or centrifuge. 


The temperature of the windings should b intain 
at 80° C. to 90° C. as deternined by resisianne sa a 
ments. Maintain the oil at as high temperature = 
possible to keep a safe measurement in the windings. 
To bring the oil up to a temperature sufficient to eva 3 
orate the moisture into the air it will be necessary f 
reduce, or cut off, the water in a water-cooled trans- 


former, and to limit the radiation in a self-cooled trans- - 


former. The radiation may be limited b i 7 

: mm may | y lagging t 
tank, or a portion of it, with some suitable Mapes 
ing material. If external radiators are used, the oil cir- 
culation in the radiators should be prevented by closing 


the radiator valves or by lowering the oil | 
the top radiator connections. : il level: Below 


It is essential that plenty of ventilation b i 

: ( y O e provid 
in the air space above the oil, in order that the Dee 
may evaporate from the oil. The man-hole covers may 
be raised and, if necessary, forced ventilation used. If 


the ventilation is not sufficient, moisture will condense - 


on the cover and drip into the oil. If this oc 

ilati : : the 
ventilation should be increased or th ee 
the oil reduced. e temperature of 


Filtering the oil during drying will aid materially in 


- removing the moisture, and hasten the process of drying. 


The rate of evaporation depends on the t 
of the oil and the ventilation, but special cane aout 
be used to see that the windings and insulation, which 
are at a higher temperature than the oil, do not reach 
a dangerous temperature. : 


TESTING 


The matter of testing, or determinin iti 

L ; g the conditio 
of insulation, before and after—as well as during the 
drying process—is an important subject. It is covered 
in a Section to follow. : | | 





HINTS ON ELECTRICAL MAINTENANCE 


Section 5— 


INSULATION TESTING 


N maintenance work,: insulation tests are made to 

determine the condition rather than the quality 
of insulation. Tests that will indicate the presence of 
moisture, dirt or carbonized material without ‘‘break- 
ing down” the insulation are, therefore, the most satis- 
factory maintenance tests. Accordingly, the service 
test most generally applied to electrical. apparatus is 
the determination of the resistance of the insulation. 
Special conditions may justify dielectric tests, over-- 
potential tests, high frequency tests or dielectric power- 
factor tests; and chemical tests, physical tests or other 
laboratory tests may be required to determine the 
cause of some unusual insulation failure. / 


INSULATION RESISTANCE TESTS 


These tests give an indication of the condition of 
insulation, particularly with regard to moisture and 
dirt. The actual value of the resistance varies greatly 
in different apparatus depending on the type, the 
size, the voltage rating, etc. The principal worth of 
such measurements, therefore, is in the relative values 
of insulation resistance of the same apparatus taken 
under similar conditions at various times. They usual- 
ly indicate how well the maintenance department has 
done its work. 7 ° 

High insulation resistance values do not assure high 
dielectric strength. Low insulation resistance, how- 
ever, does indicate low dielectric strength. Insulation 
that is wrinkled or that has been seriously damaged 
mechanically may have a very high resistance but may 
fail at a-trelatively low dielectric test voltage. Also, 
two insulating materials in series, one of which has 
absorbed moisture and is in poor condition and the 
other dry and in good condition, will show an insula- 
tion resistance even slightly higher than for the good 
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oe Surface dirt or moisture that causes low 
insulation resistance may also caus 
a ane e low dielectric 


Insulation resistances will vary inverse he 
temperature. That is, the cee oe ae 
decrease with increase in temperature. As an apotess 
mation the insulation resistance. will be halved by a ; 
8° to 10° C. rise in temperature of the apparatus. a 


As an example, when new insulation, or in i 

_ that is very damp, is being dried, the eal 
generally fall rapidly as the temperature is raised to a 
drying value. After falling to the minimum for a give 

temperature the resistance will rise as moisture ig : 
pelled from the insulation. a 


i weno ee ie 
SaeegCreeEne: ~~ 
ees) ae Shea 


Insulation Resistance Curve 


Insulation Resistance in Megohms 
Temperature C° 


Ba} 16 24 32 40 48 56 64 72 80 88 96 104 12 120 
Hours Orying Time 


FIGURE 1—INSULATION DRYING CURVE 


Measurements of insulation resistance 
readily obtained with a megger or an Sheree "Bot 
general maintenance work the megger should be of 
the 500 volt rating, although for special tests a 1000 
volt or even 2500 volt megger may be required. 


When a 500 volt or 600 volt direct current circuit is 
available satisfactory results may be secured with a 
D.C. voltmeter having high internal resistance. . The 
method of measurement is first to read the voltage of 
the line, then to connect the resistance to be measured 
in series with the voltmeter and.take a second reading. 


The measured resistance is th . ; 
the following formula: en calculated by using 
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ne tr (V-v) 

~ v (1000000) — 

V—vVoltage of the line. 

vy—Voltage reading with insulation in. series with 
voltmeter. 

r— Resistance of voltmeter in ohms (generally 
marked on label inside the instrument cover) 

R Resistance of insulation in megohm (1000000 


ohms) | 
The method of connecting the apparatus is shown 


in the diagram. 


In which: 


500 to 600 Volt D.C. Circuit 


To resistance to be measured 


Volrmeter 
Fic. 2—CoNNECTION FOR MEASURING | 
INSULATION RESISTANCE. . 


Tf a grounded circuit is used in making this measure- 
ment, care must be taken to connect the grounded 
side of the line to the frame of the apparatus to be 
measured, and the voltmeter between the windings 
and the other side of the circuit. : 

Voltmeters having a resistance of one megohm are 
now made for taking insulation resistance measure- 
ments. If one of these instruments ‘is used, the calcu- 
lation is somewhat simplified since T= 1 and the above 
formula becomes: 


Ro 
V 
As an example: In testing a generator insulated 
for 13800 volt service with a line voltage ‘‘V’”’ of 600; 
using a voltmeter having an internal resistance or OF 
1000000 ohms (one megohm); assume the voliage ‘‘v’”’ 
indication with the meter in series with the insulation 


to be 40: 
. : Ra 1000000 (600-40) PAE 
Then: The resistance=——4 5 1000000 =~ 1000000 or R=14 


megohms. 
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Or, as this is a megohm meter: R=? —lor R = 14 


megohms. 


A safe general rule is that the insulation resistance 
should be approximately 1 megohm for each 1000 volts 
of operating voltage with a minimum value of 1 meg- 
ohm. 


No new apparatus should have an insulation resist- 
ance of less than 1 megohm. 


Insulation resistance of apparatus in service should 
be checked periodically at approximately the same 
temperature and under similar conditions of humidi- 
ty to determine possible deterioration of the insulation. 
When such measurements made at regular intervals 
as a part of the general maintenance routine show wide 
variations in insulation resistance, the cause should be 
determined and abnormal conditions should be cor- 
rected before an insulation failure occurs. 


DIELECTRIC TESTS 


2 ane purpose of dielectric tests is to determine that 
insulation will withstand voltage stresses occurring dur- 
ing normal or assumed abnormal conditions of opera- 
tion. 


The assurance provided by a dielectric test may war- 
rant the risk involved in applying it as ‘‘Preventive 
Maintenance” prior to a critical period of operation. 
The damage resulting from an insulation failure at the 
time of a properly applied dielectric, or high voltage, 
test is likely to be very little compared to the loss 
caused by a break-down while apparatus is carrying 
an important load. 


As an example: In the chemical industry such a 
break-down might ruin the product of many days’ 
operations; and more days would then be required to 
bring up the process to the stage at the time of the 
failure, even if other electrical apparatus were im- 
mediately available. Furthermore the additional 
cost of repairs resulting from the failure under load 
must be given consideration. 


The insulation of electrical apparatus that has been. 


repaired or re-constructed should be given a dielectric 
test. ; 
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Samples of insulating oil taken from transforthers, 
induction regulators and circuit breakers at regular 
intervals should be tested for breakdown value. — 


Dielectric tests are a part of the regular test pro- 
cedure of manufacturers of electrical apparatus. The 
Standards of the American Institute of Electrical 
Engineers are the accepted authority for these tests. 


The A.I.E.E. Standard applying to Direct Current 
Rotating Machines (No. 5), Alternators, Synchronous 
Motors and Synchronous Machines in general (No. 7), 
Synchronous Converters (No. 8), Induction Motors 
and Induction Machines in general (No. 9), Direct 
and Alternating Current Fractional Horsepower 
Motors (No. 10) and Transformers, Induction Regu- 
lators and Reactors (No. 13) all specify a dielectric 


FicurE 3—3 Kv-a., 30,000-VoLT PoRTABLE TRUCK TYPE 
TESTING OUTFIT COMPLETE 
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test’ (for the main winding insulation of new appara- 
tus) of twice the rated voltage of the apparatus plus 
1000 volts. 

‘The authorized dielectric test for field windings of syn- 
chronous machines is 10 times the exciter voltage, but in 
no case less than 1500 volts. : 

The standard test for Railway Motors (No. 11) 
shall be twice rated voltage plus 1500 (grounded cir- 
cuits) or twice voltage plus 1000 (ungrounded). 

Each A.I.E.E. Standard lists exceptions. If special 
conditions exist, reference should be made to the Stand- 
ard that applies to the apparatus involved. 


FIGURE 4—lg Kv-a., 30,000-VoLt (FIELD TYPE) PoRTABLE 
Z O1L TESTING OUTFIT COMPLETE : 
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Dielectric tests are generally made with alternating 
current of commercial frequency (25-60 cycles) for a 
period of 60 seconds. 


Direct. current high voltage tests are being applied 
to a limited extent in testing insulation. Their princi- 
pal use is for determining the dielectric characteristics 
of cables and for laboratory work. Research is being 
carried on to develop these tests for the commercial 
testing of electrical apparatus insulation. A decided 
advantage of high voltage direct curent for main- 
tenance insulation testing would be in the greatly re- 
duced weight and size of the equpment required for 
testing large, high voltage apparatus. 


Dielectric test voltage values have not been estab- 
lished for apparatus that has been operated in com- 
mercial service, nor is there authorization for dielectric 
tests for windings that have been repaired. It is the 
rather general practice, however, to apply from 65% 
to 75% of the authorized test-voltage for new appara- 
tus. As many of the conditions affecting such tests are 
extremely variable, the decision concerning procedure 
is generally made by the maintenance engineer. | 3 


FIGURE 5—TypeE B-10 WESTINGHOUSE FILTER PRESS 
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A 3 Kva. 30,000 volt portable testing outfit shown 
in Fig. 3 has been especially developed for testing 
winding insulation and transformers and circuit break- 


er oil. When larger apparatus will be tested on outfit | 


of greater capacity will be required. If oil only will 
be tested, the portable oil testing outfit shown in Fig. 
4 will be found particularly convenient. If a large 
‘quantity of insulating oil is used for transformers, 
circuit breakers or regulators, the Filter Press shown 
in Fig. 5 will be a good investment from the stand- 
point of reclaiming oil that has been contaminated 
by water or other impurities. 


Combination centrifuge and filter press outfits | 


which afford complete purification in one operation are 
also available. _ 


The centrifuges alone are frequently used to purify 
transformer oil but cannot be depended upon to re- 
move finely divided carbon particles and soluble sludge. 


FIGURE 6—20-MM., SPARK-GAP VOLTMETER 
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Complete information on these outfits and their 
use may be obtained from the Westinghouse Service 
Department or Sales Office. 


The spherical spark gap voltmeter is one of the most 
generally used devices for the measurement of high 
voltage, particularly in connection with other testing 
equipment. It is recognized by the American Insti- 
tute of Electrical Engineers as a primary means of 


high voltage measurement. 


A 20 mm. spark gap voltmeter is shown in Figure 
6. This instrument is providéd with an accurate 
micrometer for adjusting the exact separation of the 
Spheres. The accompanying table, Figure 7, gives 
the settings for sparkover voltages as taken from the 
A.J.E.E. Standards #4 for 20 mm. spheres. This 
Standards publication 4 gives. very complete in- 
structions on measurements of test voltages by means 
of the sphere gap, outlining the manner of correcting 
for various degrees of barometric pressure and air 
temperatures, as well as listing the various precautions 
to be observed in setting up. and making the test. 


SPHERE-GAP SPARK-OVER VOLTAGES 


(At 25 degs. Cent. and 760 mm. barometric 
pressure) 


Sparking Distance in millimeters © 


—— 20 MM. SPHERES ——. 


Sinusoidal One sphere Both spheres ° 
grounded —— ungrounded 


23.99. 
4.75 
5.60 


6.50 
7.50 
8.55 


10. £0165 
11. 10.85 
13. 12.05 


15), 13.40 
18. 14.80 


FIGURE 7—SETTINGS FOR SPARKOVER VOLTAGES 


73 
































OVER POTENTIAL TESTS 


In operating and maintenance organizations this 
designation generally signifies tests made to deter- 
mine if there is adequate insulation between the turns 
or conductors of a coil or between adjacent coils in a 
winding. That is, they are called “‘short-circuit tests’? 
whereas dielectric tests are called ‘‘ground tests’, 
Such an over-potential test is made by overexciting 
the field of a rotating machine operating as a genera- 
tor with the armature not connected to the line, or by 
raising the voltage applied to one winding of a trans- 
former with the other winding open. Usually a higher 
frequency circuit will be used in making this test on a 
transformer. Extreme caution should be exercised in 
applying these tests as there is danger of seriously 
damaging the apparatus—not only the windings, but 
also the “‘iron’”’. Provision should be made to open 
the field circuit of the generator, or the supply circuit 
to the transformer, very quickly if a short-circuit 
develops. 


INDUCED VOLTAGE TESTS 


These tests, as generally made, are applied to detect 
short-circuits in coils or short-circuits or incorrect 
connections in wound armatures. . They are made 
_ with an alternating-current magnet, and are the ‘‘growl- 

er’ tests known to all armature winders. 


HIGH FREQUENCY VOLTAGE TESTS 


These tests, which are described in detail in Mr. 
J. L. Rylander’s A.I.E.E. paper of February, 1926, 
are particularly valuable in detecting insulation faults 
between various parts of a coil or winding. They are 
applied during various processes in the manufacture 
of electrical apparatus, but because of the rather com- 
plicated and ‘expensive equipment required they are 
not recommended as maintenance tests. 


DIELECTRIC POWER FACTOR TESTS 


In general the power factor test shows the same type 
of losses as the insulation resistance test, but with the 
addition that it is more sensitive and more compre- 
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hensive. With the alternating current loss measure- 


ment, as indicated by the power factor, the losses in 
the poor part as well as those in the good part of the 
circuit are shown. As these tests require rather in- 
tricate and costly equipment, they are seldom made 
in maintenance work except in testing high voltage 
transformer and circuit-breaker bushings. 


PHYSICAL TESTS 


Various methods and devices have been developed 
to determine whether insulation will withstand shock 
or vibration, particularly after having been subjected 
to prolong high temperature operation. While such 
tests frequently have a direct bearing on maintenance 


problems, they are generally in the nature of research 


work for that reason are not treated here. 


CHEMICAL TESTS 


These tests are regular requirements for insulating 
oils. Solids, liquids and gases coming in contact with 
insulation may also require chemical analysis. There 
are many others that may sometimes be required in 
maintenance work. These include Specific Gravity 
Tests and Viscosity Tests for varnishes; Drop Tests 
and Ball and Ring Tests for gums, and Flash and 
Fire Tests for oils. Then there are tests—so many. 
that even a list would be formidable—that must be 
made by laboratory or research engineers. How- 
ever, the Maintenance Department will usually pro- 
cure samples for the chemist. 


Every electrical maintenance man should, however, 
make it a point to make frequent checks of the spe- 
cific gravity of the insulating varnishes he is using to 
treat electrical apparatus. This is important if the 
best results are to be obtained from varnish treat- 
ments. 


‘Page 43, Section 3, “‘Insulation—Materials and Ap- 
plication,” gives the specific gravity values recom- 
mended for general use on the commonly used 
Westinghouse varnishes. 


The ultimate purpose of all insulation tests is to 
insure satisfactory service from electrical apparatus. 
Therefore they all affect Maintenance. 



































HINTS ON ELECTRICAL MAINTENANCE 
Section 6 


THE A-C INDUCTION MOTOR 


ie maintenance of the A-C Induction Motor may 
be grouped under the following headings: 

Stator windings 

Rotor windings 

Brushes and collector rings — 

Bearings 


The subject of Baichee Current Collectors and Com- 
mutation is an important one and therefore will be treated 
separately in onather Section. Likewise; Bearings and 
Lubrication is a subject associated with all types of rotat- 
ing machinery and will be treated more fully in a subse- 
quent Section than would be possible here. 

Induction motors with distributed primary and second- 
ary windings were developed in 1892. The primary was 
the rotating element and this was known as the West- 
inghouse type “‘B’’ Induction Motor. 


Since the first commercial installation in 1889 many 


designs of the polyphase induction motor have been de-- 


veloped. Two types, the squirrel cage rotor and the wound 
rotor construction have become the standard alternating 
current industrial motors. The characteristic features 
of stationary primary element, distributed windings and 
small air-gap are common to both types. The squirrel 


cage motor has no external rotating or secondary con- 


nections. The secondary of the wound rotor motor may 
be connected through slip rings to an adjustable second- 
ary resistance. 


The modern induction motor, particularly the squirrel 
cage type, is probably the most rugged rotating electrical 
apparatus ever developed. Maintenance requirements, 
outages and repair costs, therefore, depend to a very great 
extent on the correctness of the application. However, 
the first principle of electrical maintenance—KEEP THE 
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APPARATUS CLEAN AND DRY—is fundamental. 
This implies periodic inspections, which are a very desir- 
able check on operating conditions. 

Before discussing those details dealing primary with 
maintenance, it is well to understand a few of the funda- 
mental characteristics of the induction motor, which we 
shall briefly comment on here: 


‘ SLIP 


At no load an induction motor runs at practically syn- 
chronous speed; with a load, the motor is below syn- 
chronous speed by a percentage known as the slip, that 
is, if the synchronous speed is 1800 rpm. and the full load 
speed 1700 rpm., the slip at full load is 544%. The slip 
of any induction motor depends on the voltage drop in 
the secondary circuit, i.e., on the secondary resistance x 
current?. The greater the secondary résistance, the higher 
is the starting torque with a given current; the greater 


‘Fic. 1—EArty Type “B’”’ INpucTION Motor 
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Fic. 2—EARLY Type ‘‘C’’ INDUCTION MOTOR 


the slip, the greater also are the losses, and the lower the 


efficiency. 


TORQUE 


There are two kinds of torque that must be considered — engeee 


in a motor—the starting torque and the pullout torque. 
Motor torque must be balanced against éfficiency and 
power factor. Excessive starting torque results in low 
efficiency, low power factor and poor speed regulation; 
while on the other hand, if the starting torque is too low, 
the load cannot be started in many cases. Very high pull- 
out or stalling torque also means low power factor with 
high starting current; while if the pullout torque is too 
low, the motor may stall on ordinary harmless overloads. 
A stalled motor may result in ‘‘roasted’’ insulation. 


VOLTAGE AND FREQUENCY 


For best results, induction motors should be operated 
at their normal voltage and frequency. Some variations 
from normal voltage and frequency is allowable, the volt- 
age limits being approximately 10% from normal and the 
frequency limits not exceeding 5%.’ The voltage and fre- 
quency should never be-varied simultaneously in opposite 
directions, and both should not be varied at the same 
time to the extreme limits given. With any variation of 
either the voltage or the frequency from normal condi- 
tions, the following changes from normal operating char- 
acteristics must be expected: 


Power Factor Torque Slip Full Load Eff. 


Voltage high—decreased increased decreased approx. 
Voltage low—increased decreased increased approx. 
Frequency high—increased decreased same approx. 
Frequency low—decreased increased same approx. 


In general, any change from normal frequency should 
be accompanied by a change of voltage proportional to 
the square root of the frequency. For example, a 400 volt, 
60 cycle motor on 66% cycles will give very nearly normal 
operating characteristics if the voltage is made, 3 


eh /-662 
/ 7s x 400 =422 
60 


For decreased frequency, however, it is not recom- 
mended that motor be operated on less than normal volt- 
age on account of increased current .and temperature. 
The application of the foregoing rule for higher than 
normal frequency gives reduced temperature rise. 


INSULATION 


The useful life of an induction motor depends largely 
upon the condition of its insulation. Insulation should 
be suitable for the operating requirements. Reference 
may be made to previous Sections, under Insulation— 
“Materials and Applications’’; ‘Cleaning and Drying’’; 
and !“festing”. | 
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MAINTENANCE OF STATOR WINDINGS 


The stator windings appear to be so simple and rugged 
as to cause one to frequently overlook the necessity for cer- 
tain maintenance procedure. However, a glance into the 
average motor repair shop will make it apparent that the 
induction motor stator is after all a vulnerable piece of 


equipment. Most of the work going on will be replacing 


or repairing stator windings. 


Stator troubles can usually be traced to one of the 
following causes: 


Worn Bearings—Moisture— Overloading —_Operating 
Single Phase—and Poor Insulation. 


Dust and dirt are usually contributing factors some 
forms of dust being highly conductive and contribute 
materially to insulation breakdowns. The effect of dust 
on the motor temperature through restriction of ventila- 
tion is another reason for keeping the machine clean, 
either by periodically blowing out with compressed air 
or by dismantling and cleaning. The compressed air must 
be dry and throttled down to a low pressure which will 
not damage the insulation. . 


Moisture 


One of the most ive enemies of motor insulation 
is moisture. Needess to say, motor insulation must be 
kept reasonably dry, although many applications make 
this practically impossible unless the motor is totally en- 


closed, or otherwise protected from the direct effects of. 


moisture. If operated in a damp place, special moisture- 
resisting treatment should be given the windings. See 
Sections 3, 4 and 5 on “Insulation”. 


Dipping and Baking 

The life of a winding depends upon keeping it in its 
original (or new) condition, as nearly as possible. In a 
new machine, the winding is snug in the slots; the insu- 
lation is fresh and flexible, being newly treated with var- 
nish, and, therefore, resistant to the deteriorating effects 
of moisture and other foreign matter. This condition is 
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best accomplished by periodic cleaning, followed by var- 
nish and oven treatments. See Maintenance Hints Sec- 
tions on ‘‘Cleaning’’ and “‘ Drying.”’ 

One condition which frequently hastens winding failure 
is movement of the coils due to vibration during operation. 
After insulation dries out it loses its flexibility and the 
mechanical stresses caused by starting and plugging, as 
well as the natural stresses in operation under load, will 
precipitate short circuits in the coils and possibly failures 


from coil to ground, this usually at the point where the 


coil leaves the slot. The effect of periodic varnish and 
oven treatments properly carried out so as to fill all air 
spaces caused by drying and shrinkage of the insulation, 
thereby maintaining a solid winding, will also provide 
an effective seal against moisture. 


MAINTENANCE OF ROTOR WINDINGS 


The rotors of wound rotor motors have many features 
in common with the stators; therefore, the same comments 
apply to the care of rotor windings as are given for the 
care of stator windings. However, the rotor introduces 
some additional problems due to the fact that it is a 
piece of rotating machinery. 


Most wound rotors have a three phase winding, and 
are, therefore, susceptible to the same trouble of single 
phase operation. The first symptom of an open rotor 
circuit is lack of torque, slowing down in speed, accom- 
panied by a growling noise, or perhaps failure to start the 
lead. The first place to look for an open secondary circuit 
is in the resistance bank or the control circuit external 
to the rotor. Short-circuiting the rotor circuit at the slip 
rings and then operating the motor will usually determine 
whether the trouble is in the control circuit or in the rotor 
itself. It may be in one of the stud connections to the 
slip rings. 

If the rotor is wave wound, the windings being made 
up of copper strap coils with clips connecting the top and 
bottom half of the coil, it will be well to inspect these end 
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connections for possible signs of heating, which would be ~ 


an indication of a partial open circuit. Faulty or improper- 
ly made end connections are a common source of open 
circuits in rotor windings. 


A ground in a rotor circuit will not affect the perform- 
ance of the motor unless another ground should also 
develop, which might cause the equivalent of a short cir- 
cuit, in which case it would have the effect of unbalancing 
the rotor electrically. In addition to reduced torque, an- 
other symptom of this condition might be excessive vi- 
bration of the motor; also sparking and uneven wear of 
the collector rings. — 


Another—and reasonably successful manner of check- 
ing for short circuits in the rotor windings—is to raise the 
_ brushes off the slip rings and energize the stator. If the 
‘rotor winding is free from short circuits it should have 
little or no tendency to rotate, even when disconnected 
from the load. If it does evidence considerable torque, 
or tendency to come up to speed, the rotor should be re- 
moved and the winding opened and examined for fault. 
In making this test note that some rotors having a wide 
tooth design may show a tendency to rotate even though 
the windings are in good condition. 


~ Another check which can be made with the rotor in 
place and the stator energized, also with the brushes 
raised, is to check the voltage across the rings to see if 
they are balanced. Judgment will have to be used in mak- 
ing this check to make sure that any inequality in voltage 
measurements is not due to the relative positions of the 
rotor and stator phases. In other words, the rotor should 
be moved to several positions in taking these voltage 
measurements. - 


Squirrel Cage Rotors 

Squirrel cage rotors are more rugged and in general 
require less maintenance than wound rotors, but may also 
give trouble due to open circuits or high resistance points 


between the rings and the rotor bars. The symptoms - 


of such conditions are in general the same as with wound 
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rotor motors, that is, slowing down under load and re- 
duced starting torque. Such conditions can usually be 
detected by looking for evidence of heating at the end 
ring connections, particularly noticeable when shutting 
down after operating under load. 


Any fractures in the rotor bars will usually be found 
either at the point of connection to the end ring or at the 
point where the bar leaves the laminations. Discolored 
rotor bars are also evidence of excessive heating. 


Brazing broken bars or replacing bars should be done 
only by a competent person. Considerable technique is 
required for this kind of work, and it is reeommended that 
the Manufacturer’s Service Department be consulted 
before attempting such repairs in the plant, unless an 
experienced operator is available. 


THE AIR GAP 


It has been stated that a small air gap is characteristic 
of the induction motor. . The size of the air gap has an 
important bearing on the power factor of the motor and 
in doing anything to affect this, such as grinding the rotor 
laminations or filing stator teeth, the fact that the magnet- 
izing current will be increased, with resultant lower 
power factor, should be kept in mind. 


Good maintenance procedure calls for periodically ' 
checking the air gap with a Feeler Gauge to insure against 


_ a low bearing permitting the rotor to rub the laminations. 


These measurements should be made on the pulley or 
gear-end of the motor. : 


On large machines it is desirable to make a record of 
these checks, four measurements being taken approxi- 
‘mately 90° apart, one of these points being the load side, 


i.e, the point on the rotor periphery which corresponds 


wat the load side of the bearing. 


A comparison of the measurements taken with those 
previously recorded will permit the early ene of a 


bearing going down. 
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A very slight rub will generate heat sufficient to destroy 
the coil insulation. 
EFFECTS OF OVERLOADING AND SINGLE PHASE 
OPERATION 


All too frequently a motor of adequate capacity proper- 
ly applied to the origina] application is later found to be 
overloaded or otherwise unsuited for its job, due, for 
example, to (a) more severe duty imposed on the machine 
tool, such as a different die job in a punch press; (b) heav- 
ier material or material of different machining character- 
istics; (c) changed machine operations. 


Connecting instruments in the motor circuit will quickly 
disclose the reason for any tendency of the motor to over- 
heat, failure to start the load, or other abnormal symptoms. 
It is also frequently desirable to connect recording in- 
struments in the motor.circuit for other purposes, such 
as analyzing the output of the machine, as a check on the 
operator, or to gauge processing operations. With en- 
closed wiring this is usually rather difficult. However, the 


Westinghouse type S Standard Socket for electrical in- 


struments provides a ready means of plugging into a cir- 
cuit either recording or indicating instruments without 
necessitating the usual shut-down. The accompanying 
illustrations show how the illustration of the standard 
socket in a motor circuit provides a ready means of ob- 
taining either continuous or periodic checks by plugging 
in any one of a complete line of plug type meters or in- 
struments, as well as the well-known Industrial Analyzer. 
See Section I, ‘‘Inspection’’. 


Control circuits for many of the older induction motor 
installations were not provided with relay protection, and 
single phase operation of polyphase induction motors on 
such circuits has frequently been responsible for motor 
burnouts. Usually this has resulted from the blowing 


of one of the fuses, while the motor is up to speed and 


‘under load. Under such conditions the portion of winding 
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SOCKET INSTRUMENTS are the quick and easy way to 
Maintenance Facts— 


Fic. 3— 


1. Simpy INSTALL STANDARD 
Type ‘‘S’’ METER SOCKETS ON 
ALL NEw Circuits. 


Fic. 4— 


2. PruG IN ANY ONE OF THE 
COMPLETE LINE OF WESTING- 


- HOUSE SOCKET INSTRUMENTS FOR 


A COMPLETE RECORD OF OPER- 
ATING CONDITIONS. 


Fic. 5— 

3. HANDY: TEST JACK PER- 

MITS CONVENTIONAL AN- 

ALYZERS, RECORDERS, OR 

PORTABLE INSTRUMENTS TO 

BE PLUGGED IN THE’ C1R- 
% CUIT, EASILY AND QUICKLY. 



































remaining in the circuit will endeavor to carry the load 
until it fails due to overheating. 


The effect of increasing the load on the motor beyond 
its rated capacity is simply to increase the Operating tem- 


perature, which shortens the life of the insulation. Momen- 


tary overloads usually do no damage, consequently the 
tendency to the thermal type of overload protection in 
present-day control. Obviously the ideal place to measure 
the thermal effect of overload is on the motor itself, This 
is readily obtained through the use of the Thermoguard 
illustrated below, this being a small thermostatic relay, 
known as the Motor Watchman, usually applied in direct 
contact with the windings. This provides an effective 
protection against failure due to sustained overload. 


THE MoToR WATCHMAN PrRovipEs EFFECTIVE PROTECTION 
AGAINST SUSTAINED OVERLOAD 
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Without doubt the polyphase induction motor is the 
simplest and most fool-proof piece of rotating electrical 
apparatus. The largest single cause of winding failures 
is probably due to the rotor rubbing the stator iron, usual- 
ly because of worn bearing or complete failure of the bear- 
ing. The subject of bearings and lubrication is a large 
one in itself and since it applies to all types of rotating 
electrical apparatus is treated in considerable detail 


in Section 9. 














HINTS ON ELECTRICAL MAINTENANCE 


CONVENIENT 


TABLES ano FORMULAE 


COMMON ELECTRICAL TERMS 


Ampere—Unit of current or r 
ate of flow of electric; 
Volt—Unit of electro-motive force : ee 
Ohm—Unit of Resistance 

Electro-Motive Force 


Ohms Law; Current = : 
Resistance 


. Megohm—1,000,000 Ohms 
: Volt Amperes or VA=Unit of apparent power 

Watt = Unit of true power—VA x Power Factor 
Watthour = Unit of electrical work and is employed to 


indicate the expenditure of an : 
GHeceaition one heGe electrical power of 


Power Factor = Ratio of true to apparent power 


Torque (in ft. lb.) =Turni : 
at radius 1 Re urning force represented by 1 Ib. 


Horsepower is a measure of the ti i 
time rate of doin 
and is defined as the equivalent of raising a 5000 


ounds 1 i 
Ps sae one foot in one minute. One hp. =746 


Efficiency is the ratio of the useful ‘ 
; : eful ” 
chine to its total “input”. i output of a ma- 


EQUIVALENT VALUES 


In Different Units 
1,000 watts 
2,655,600 f Ib. pe 
- 2,655,000 ft. lb. per hour 
44,260 ft. lb. per minute 
737.3 ft. lb. per second 
3,412 heat-units per hour 
56.9 heat-units per minute 
.948 heat-units per second 
-2275 lb. carbon oxidized per hour 


3.53 lb. water evaporated 
and at 212°F. el ee 


Kilowatt-hour = 


1,000 watthours 


1.34 hp. hour 
2,655,000 ft. Ib. : 
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EQUIVALENT VALUES IN DIFFERENT UNITS—Continued 


Kilowatt-hour—Continued 


3,600,000 joules 
3,412 heat-units (Btu.) 
367,000 kg-m. 
.235 lb. carbon oxidized with perfect effi- 
ciency ; 
3.53 lb. water evaporated from and at 


22.75 Ib. water raised from 62° to 212°F. 


1 Horsepower = 
: 746 watts 


.746 kilowatts 

33,000 ft. lb. per minute 
550 ft. lb. per second 

2,545 heat-units per hour 
42.4 heat-units per minute | 
.707 heat-units per second 
.175 lb. carbon oxidized per hour 
2.64 lb. water evaporated per hour from 
and at 212°F. 


1 Horsepower-hour = 
.746 kw. hours 


1,980,000 ft. lb. 
2,545 heat-units 
273,000 kg-m. 
175 carbon oxidized with perfect efficiency 
2.64 lb. wale evaporated from and at 


2 A 
17.0 lb. water raised from 62° to 212°F. 


1 Foot-pound = 
1.356 joules 
.1383 kg-m. 
.000000377 kw-hr. 

.001285 heat-unit 

.0000005 hp.-hour 


1 watt second 
.000000278 kw-hr. 
102 kg-m. 
.000948 heat-units 
.7373 ft. Ib. 


1 Joule= 


1 Kilogram-meter = 
7.233 ft. Ib. 


.00000365 hp. hour 
.00000272 kw-hr. 
.0093 heat-unit 


1 Heat Unit = 
1055 watt seconds 
778 ft. Ib. 
107.6 kg-m.: 
.000293 kw-hr. 
.000393 hp.-hr. 
0000688 lb. carbon oxidized 
.001036 ne aoe evaporated from and 
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EQUIVALENT VALUES IN DIFFERENT UNITS—Centinued 


1 Heat Unit per sq. ft. min. = 
.122 watt per sq. in. 
* 0176 kw. per sq. ft. 
.0236 hp. per sq. ft. 
1 Watt= 
1 joule per s 
eee pe: : a 
412 heat-units per hour 
.7373 ft. lb. per second 


.0035 lb. water evaporated 
44,24 ft. lb. per aenuts Pe 


1 Watt per sq. in. = 
8.19 heat units per sq. ft. per min. 


6,371 ft. lb. per sq. ft. pe 
.193 hp. per sq. ft. sian 


1 lb. Carbon Oxidized with Perfect Efficiency = 
ae eae ts 
: . anthracite coal oxidi 
2.5 lb. dry wood oxidized ae 
i : ae tte illuminating gas 
5.71 hp.-hr. 
1,315,000 ft. lb. 


15 lb. water evaporated from and at 


21205, 


1 Ib. Water Evaporated from and at 212°F.= 
.283 kw-hr. 
.379 hp.-hr. 
965.7 heat-units 
103,900 kg-m. 
1,019,000 joules 
751,300 ft. Ib. 
.0664 lb. of carbon oxidized 


1 Btu. (British Thermal Unit) = 
778 foot-pounds 
17.452 wattminutes 
0.293 watthour 


Latent heat of evaporation of wat 
[ er =96 ; 
Latent heat of melting of water 142 Bane 


CONVERSION FACTORS 


Area 


Circular Mils to Square Inches ,0000007854 
(7854 


Circular Mils to Square Mils 
Circular Mils to Square Millimeters 
Square Centimeters to Square Inches 
Square Feet to Square Meters 


Square Inches to Circular Mils 1,273,200. 


Square Inches to Square Centimeters 
Square Inches to Square Millimeters 
Square Inches to Square Mils 

- Square Meters to Square Feet 
Square Millimeters to Square Inches 
Square Millimeters to Circular Mils 
Square Mils to Circular Mils : 


Square Mils to Square Inches :000001: 
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To Convert Multiply By 





CON 


VERSION FACTORS—Continued 


To Convert 


Length 


Pow 


Ene 


Centimeters to Inches 
Centimeters to Feet 
Feet to Centimeters 
Feet to Meters 
Inches to Centimeters 
Inches:to Meters 
Inches to Millimeters 
Inches to Mils 
Kilometers to Miles 
Meters to Feet. 
Meters to Inches 
Meters to Yards 
Miles to Kilometers 
Millimeters to Inches 
Millimeters to Mils 
Mils to Inches 

Mils to Millimeters 
Yards to Meters 


er 
Foot Pounds per Minute to Horse- 
_ power 

Foot Pounds per Minute to Watts 
Foot Pounds per Second to. Horse- 


power ; 
Foot Pounds per Second to Watts 
Horsepower to Foot Pounds -per 
Minute 
Horsepower to Foot Pounds per 
Secon ine 
Horsepower to Watts 


Kilogram Meters per Second to Watts | 


Watts to Foot Pounds per Minute- 
Watts to Foot Pounds per Second 
Watts to Horsepower 
Watts to Kilogram-mieters per Second 
rgy i att Teta 
British Thermal Units to Foot 
Pounds 
British Thermal Units to Joules 
British Thermal Units to Watthours 


‘ Foot Pounds to. British Thermal 


Units: 
Foot Pounds to Joules 
Foot Pounds to Kilogram-meters 
Gram Calories to Joules. . 
Joules to British Thermal Units 
Joules to Foot Pounds. a 
Joules to Gram-Calories : 
Joules to Kilogram-meters 
Kilogram-meters to Foot Pounds 
Kilogram-meters to Joules | 
Watthours to British Thermal Units 


Miscellaneous 


Kilograms to Pourids : 

Kilograms per Kilometer to Pounds 
per 1000 Feet 

Ohms per Kilometer to Ohms per 
1000 Feet _ : 

Ohms per 1000 Feet to Ohms per 
Kilometer us: 
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Multiply By 


.0000303 
.0226 


.001818 
1.356 


33,000. 























TEMPERATURE CONVERSION TABLES* 


By Albert Jauveur 
: 100 to 1000—Cont. 


CONVERSION FACTORS—Continued 


Ohms per 1000 Yards to Ohms per ; 
Kilometer 0 to 100 
Pounds to Kilograms a 1 ee a OF 
Pounds per 1000 Feet to Kilograms (0 eae Spae 170] 338 | 299}. 
per Kilometer . 304 
Pounds per 1000 Yards to Kilograms 
per Kilometer 
Pounds per 1000 Yards to Pounds 
per Kilometer 


WEIGHTS OF MATERIALS 


LIQUIDS 





CHOTAUAWNEO 





SPEC. | LB./ 
-| GRAV. | GAL. 


=e 





ee ee hatte “Ae “= ee ee 





Acetone 

Amyl Acetate 
Benzine 
Benzol 

Butyl Alcohol 
Butyl Acetate 


Butyl Cellulose 


Kerosene 

Lard Oil 
Linseed Oil— 
Machine Oil— 
Naphtha, Heavy 
Paints, Flat 


Paints, Gloss 


-80 


ee 


POAE IH OWOROAR YIN OO 


oe 


renee 





Carbon Tetrachl. 
Castor Oil 


Chinese Wood 
Oil 


Glue Liquid 
Inerteen 


NON CWI TAY Ad) 


Shellac 

Sodium Silicate . 
Varnishes—Ins, 
Water 

Wemco Oil 


mwin Wook RW 
Onn WNoM onary 


_ 
NNO DUIW OV GVUIM 


NM UwWwo 
nS 


= ES NS eee ae eee 
a 





\O ~7 00 

















11.4 | 327 | 621 |.411 


1.74) 651 |1204 


Bismuth ; ; 8.0 |1225 |2237 |. 
Brass BAY beersatcael eager ics Pe Mercury |13.6 |-38.7|-37.7|. 
Bronze, Monel 

Phos. eos leeehe Metal 8.87]. 


Nickel |.8.80/1452 


: Plati- 
810 .0567|| num 21.5 {1755 
Silicon 2.42/1420 © 
6.80/1510 -246 llSilver 10.5 | 961 
8.50/1490 .307 |/Steel | 7,86]1330 


8.89/1083 | 321 1868] 827|1520 


g : 2). 7 Sete al 187-8] 2100/212.0 1886| $32|1530 
8.98l2c2. |e. oc 323 7.29) 232 ; | 


100 to 1000 1904] 838/1540 
7.2 |1200 


i : Cc. 1940] 849]1560 

.260 , : 260 . 1958] 854/1570| 

to Zine 7.19] 419 : : 266 1976] 860]1580 

1400 3 | 271 1994] 866/1590 

nae oa a 3030] 87|1610 
Wrought | 7.70 no ) 3 oe Ar clsseltes0 
1600 | 0 | 293 2066| 888|1630 


538!1000 
1000 to 2000 


Fi | C: 


1000} 1832} 816/1500 
1850} 821/1510 





DUAR OO NEAR OW MN NE AOROWON UF ACROWONUEACROWONUEOAS 




















TEMPERATURE CONVERSION TABLES*—Continued 


1000 to 2000—Cont. 2000 to 3000—Cont. 


C. : Be |2C, 
893]1640 2100) 3812/1427/2600 





899|1650 

904| 1660 
910/1670 
916/1680 
921|1690 
927|1700 
932|1710 
938}1720 

- 943/1730 
949/1740 
954/1750 
960/1760 
966/1770 
971|1780 
977|1790 
982/1800 
988/1810 
993)1820 
999/1830 

2444| 1004/1840 
2462/1010/1850 
2480] 1016] 1860 
2498] 1021/1870 
2516]1027/1880 
2534) 1032]1890 
2552}1038)1900 
2570)1043)1910 
2588]1049)1920 
2606]1054/1930 
2624|1060}1940 
2642}1066/1950 
2660} 1071/1960 
2678|1077|1970 
2696) 1082)1980 
2714|1088/1990 
1093|2000 


3830|1432|2610 
3848/1438|2620 
3866|1443|2630 


3884/1449/2640 


3902|1454|2650 
3920|1460|2660 
3938|1466|2670 
3956]1471|2680 
3974|1477|2690 
399211482|2700 
4010/1488|2710 
4028|1493/2720 |: 
4046/1499|2730 
4064/1504|2740 
4082/1510|2750 
4100}1516|2760 
4118)1521|2770 
4136|1527|2780 
4154/1532|2790 
4172}1538|2800 
4190/1543|2810 
4208]1549|2820 
4226]1554|2830 
4244/1560|2840 
4262}1566|2850 
4280}1571|2860 
429811577|2870 
4316]1582|2880 
4334|1588|2890 
4352|1593|2900 
4370|1599|2910 
4388]1604/2920 
4406|1610/2930 
4424|1616|2940 
4442|1621|2950 
4460/1627|2960 


329 
275 
225 
200 
150 


AMPERES* 
270 
210 
180 
150 
120 


225 
175 
150 
125 
100 





CARRYING CAPACITIES, 


000003493 
000005465 
000007128 
00000973 
00001402 
00002176 
0000558 





RESISTANCE AT 77°F, 
094 
510- 


981 
617 
388 
244 
153 


, 4478] 163212970 
2000 to 3000 4496|1638/2980 


F. | C. 1366 


| 4514|1643|2990 
1093 3632 1371 2500 4532) ee (102918000 
1099 3650\1377|2 4550 

1104 3668|1382|2520| 4503] INTERPOLATION FACTORS 
1110 - B68olises|2530| 45861 ae = = ee 
1116 3704|1393|2540] 4604 : F. | C. 

1121 -3722|1399|2550| 4622 

1127 3740|1404/2560| 4640 

1132 3758|1410|2570| 4658 

1138 3776|1416|2580| 4676] 2. a5" 

1143 | 3794|1421|2590] 46941 2. ‘0 |5.56| 10 


es = 











(BARE) AMERICAN WIRE GAGE (B. AND S.) 


—— 


ae ee == 


% sani am i 
eae 
Se nn ee 


Note:—The numbers in bold face type refer to the temperature either 
in degrees Centigrade or Fahrenheit which it is desired to convert into the 
other scale. If converting from Fahrenheit degrees to Centigrade degrees, 
the equivalent temperature will be found in the left column; while if con- 
verting from degrees Centigrade to degrees Fahrenheit, the answer will be 
found in the column on the right. 

*These tables are a revision of those by Sauveur & Boylston, metallur- 
gical engineers, Cambridge, Mass. Copyright, 1920. We are indebted to 
Professor Albert Sauveur of The Harvard Engineering School for permis- 
sion to use them. (Reprinted from Chemical and Metallurgical Engineer- 


ing.) 
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DIMENSIONS, WEIGHTS AND RESISTANCE OF PURE COPPER WIRE 


1,000 
700 
600 
500 
400 
250 
211 
167 
133 
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WIRE SIZES FOR MOTOR CIRCUITS—Continued 


D-C. MOTORS 
Amperes at Full Load 


WIRE SIZES FOR MOTOR CIRCUITS—Continued : 


1937 N. E. CODE—Amperes at Full Load 
TWO-PHASE A-C. MOTORS (4-Wire) 


ipocnon 1teE SYNCHRONOUS TYPE Bey -P. | 115V. | 230V. | 550V. | H.P. - | 230V. 
SQUIRREL-CAGE AND WouND RoToR Unity Power Factor = hee 4.5 ETE i | aay Pee 65 ae 


H.P. |110V. | 220v. | a4ov. | ssov.| “4p” |220v.|440v.|ssov.| 229° _ | : 110 


180 


215 
268 
357 
443 








a eta AT O9 








CORRESPONDING CONDUCTOR SIZE 
For Amperes at Full Load 


——— 


rE ea Se a 


Motor Rubber Motor Rubber 
Rating Insu- Rating Insu- 
Amperes lation Amperes lation 





= a etme, = — 4 a 7 “ 4 =a - . om 
ea a eee == — —— 2 SS i 
a iee — ~ > == = — SS = : ; oe 
wa — te 55 Se TT eS) ers PaESe : — = . wi 


recat etna 


SS 
SS 


THREE-PHASE A-C. MOTORS | en 170 - 180 


| ARS & 14 ; 185 & 190 

INDUCTION TYPE © SYNCHRONOUS TYPE ; 15 & 16 5 195 & 200 
SQUIRREL-CAGE AND WOUND ROTOR Unity Power Factor i 17 - 20 210 
HP. |1tov.| Ys |44ov.|ssov.| 79° | 972 |zov.|ssov.| 220° 22 & 24 220 

26 & 28 ; 230 & 240 

30 & 32 : 250 & 260 

34 - 40 i 270 & 280 


42 & 44 : 290 
46 & 48 300 
50 & 52 : 320 
54 & 56 : 340 & 360 


380 
400 
420 
440 . 


460 & 480 
500 & 520 


=" = 
a 





* For full-load currents of 208 and 200-volt motors, increase the 
corresponding 220-volt motor full-load current by 6 and 10 per- 
cent, respectively. (Continued on next page) 
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FORMULA FOR COMBINING RESISTANCE. 
AND REACTANCE 


Vr2+ xi2 
VV r2 + Xe2 
Vr2 + (Xv -Xc)2 


r Xe 


sealant d WUE BSE eae 6 ES 
Vinee Vee 


r Xe 


Laie UIC wane ens 
Vireo +)? a an ~\/x Xu2 Xe2+ \Vxi2 Xe2 + V2 (KueXe)e 
Kes Xc 


Xe 


r=Resistance in Ohms | 
XL=Inductive reactance in Ohms =27fL 
f =frequency 


? : ; 1 L =ind. in Henrys 
Xc =Condensive Reactance in Ohms =27fc | c=capacity in Farads 
Z =Impedance in Ohms 
=Current in Amperes 
E =Pressure in Volts 


DETERMINATION OF TEMPERATURE 
by Resistance Measurements © 


Based on a temperature co-efficient for copper wire of .00427 at 
0°C, the following relations exist between resistance and temperature: 


R =Resistance of winding at T° C (Final Temp.) 
r =Resistance of winding atte. eo Temp.) 
ne _ 234.5 +T 














INSULATION TEST 


In case a megger is not available, insulation resistance measure- 
ments may be easily made using 500-volt direct-current circuit and 
a 500-volt direct-current voltmeter. The method of measurement 
is to first read the voltage of the line; then to connect the resistance 


to be measured in series with the voltmeter and take a second 


reading. 


500 to 600 Volt D-C. Circuit 


This switch closed for reading line voltage 


To resistance to be measured 


CONNECTIONS FOR MEASURING INSULATION RESISTANCE 


The measured messianic: is then calculated by using the following 
formula: 


r(V-v) 
R —————_ in which 
~-v(1,000,000) 
V = voltage on the line. 
Vv voltage reading with insulation in series with voltmeter. | 


= resistance of voltmeters in ohms, (generally marked on label 
inside the instrument cover.) ; 
R = resistance of insulation in megohms (1 million ohms.) 

The method of connecting the apparatus is shown-in the diagram. 

If a grounded circuit is used in making this measurement, care 
must be taken to correct the grounded side of the line to the frame 
of the machine to be measured, and the voltmeter between the ~ 
windings and the other side of the circuit. 

Voltmeters having a resistance of one megohm are now made for 
this purpose so that, if one of these instruments is used , the calcula- 
tion is somewhat simplified since r =1 the formula becomes 

R= Ne —1 
Vv 

A safe general rule is that insulation resistance should be ap- 
proximately 1 megohm for each 1000 volts of operating voltage 
with a minimum of 1 megohm. 

No new machine snouts: have an iHeulation resistance of less than 
1 megohm. 
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HANDY FORMULAE 


Power Transmission by Shaft 


_ Torque (in ft. Ib.) x Rpm. 
er 


Hydraulics a 
Hp. of Water Fall =.114 x cu. ft. per sec. x head in ft. x Eff. Assum- f= J 


ing 88% eff. of water wheel. then: 
100 cu. ft. per sec. with 10 ft. head =100 Hp. 


Power to Drive Pumps 


=e _ Gal. per min. x Total head (inc. friction) 
Le 3960 x Eff. of Pump 


Fans and Blowers 


: : _Kxcu. ft. min. x water gage pressure in ins, 
pe, toldrive tne 33000 x Eff. of fan 
Water gage inches =1.728 oz. per sq. in. . 
K =5.2 
Eff. =.5 for ordinary fans to .65 for Sirocco type 


Rotating Mass Formula 

Useful in estimating time to start-stop or change speed of flywheels, 
motors, etc. with certain applied torque = 
WR; x change in Rpm. 


Aime (Sec) = 308 X average net torque (Ibs. ft.) 


MENSURATION OF SURFACES AND VOLUMES 


Area of Rectangle =length x breadth. 

Area of Triangle = 14 base x perpendicular height. 
Circumference of Circle =diameter x 3.1416. 

Area of Circle =square of diameter x .7854. 


To Find Diameter of a Circle of Given Area 
Divide area by .7854 and extract Square root. 


To Find Volume of a Cylinder 
Area of section in square inches x length in inches =Volume in 
cubic inche;, 
Cubic inches +1728 =Volume in cubic feet. 
Surface of a Sphere =Square of diam. x 3.1416. 
Volume of a Sphere =Cube of diam. x .5236. 
Diameter x .8862 =Side of square of equal area. 
Diameter x .7071 =Side of inscribed square. 
Circumference =3.5449 x Varea of circle. 
Diameter =1.1284 x Varea of circle. 
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INCANDESCENT DOUBLE POLE 
STORS A 
ETER LAMP RESI Reversing or 
AMM AUXILIARY Grid Type We pent 


CONTACT 
(interlock) SNAP SWITCHES 


INDICATING LAMP 
—e- 2 | @@O OT.) 
ARC LAMP 


—_—X— 


TRUCK TYPE LIGHTNING VARIABLE TRANSFER OR 


$ THREE WAY 
BATTERY SWITCHBOARD ARRESTER, ead dS SNAP SWITCH 


Efiifilili|= Male ie 


Female (or housing) 


KNIFE SWITCHES 
PUSH BUTTON Double Throw 
Multipolar 


eo 0,0 0 


0000 


AUTO 
CONTROL FUSES |SPRING RETURN OEE ce C(RANSFORMER 
CONDENSER PUSH BUTTON Single Throw 


Cartridge 
—_S— 
Link 
=O. O= 


IRCUIT RELAYS CURRENT 
BREAKER POWER FUSES RHEOSTAT TRANSFORMER 


AIR 


SIR AKER SNAP SWITCHES POTENTIAL . 
BREIL a Single Pole TRANSFORMER 


POWER 
RELAY DOUBLE POLE » 
AU eae INNUCTANCE | -SOLENOID TYPE | SNAP SWITCHES | 'RANSFORMER 


Normally Closed CIO BA 
—— Reactor or : 
Choke Coil 


Relative Sze | WIRES CROSSING } Wires in Contact 


Main 


uD 
Control | 


NOTE—These symbols are fundamental but may be amplified provided that the fundamental symbol is retained, 
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3 PHASE A-C. 
INDUCTION 
MOTOR 


SWITCHBOARD 


A-C. GENERATOR] ‘INDUCTION INDUCTION 
AND SYN. MOTOR! MOTOR MOTOR 


a 


Torque field Relative Cross and torque 
Position of fields at 90° Field combined 
anglé must be main- 

tained 


SYNCHRONOUS 
Squirrel Cage Wound Secondary CONVERTER 


D-C. Gen. and Motor 
INDUCTION MOTOR, Single Phase 


COMBUSTION DATA 


Combustible Molec- | Approx. : 
Element or ular Molec’r Chemical 
Compound Symbol | Weight Reaction 


14,544 


Carbon Monoxide |: 2CO +O0:=2CO: | 10,193(1) 
| 4,369(2) 


Hydrogen 2H: +O:=2H.0. 60,626(3) 
sf 51,892(4) 


S +0:=S0O:; 4,000 
2S +302=2SO2 | 5,940 


_ Notes: (1) Per LB. Carbon. (2) Per LB. CO. (3) To water, high 
value. (4) To steam, low value. 


COMPOSITION OF FUEL 


% | % Hy- | % Ni- % % 
Fuel @apbon drogen eeooen Onee Ash 


Anthracite 
Coal 


Semi 
Bituminous 


Bituminous 
oa 


Lignite 
Wood 
Crude Oil 
Kerosene 





GEAR DATA—DIAMETRAL PITCH 
Diam. Pitch is the No. of Teeth to each Inch of the Pitch Diam. 
To Find Having Formula 


Diametral Pitch 
(P) 


Circular Pitch (P’) 

Pitch Diameter (D’) and 
Number Teeth (N) 

Outside Diameter (D) and 
Number Teeth (N) 

Number Teeth (N) and Dia- 
metral Pitch (P) 

Number Teeth (N) and Out- 
side Diameter (D) 

Outside Diameter (D) and 
Diametral Pitch (P) 

Addendum (s) and Number 
Teeth (N) 

Number Teeth (N) and Di- 
ametral Pitch (P) 

Pitch Diameter (D’) and Di- 
ametral Pitch (P) 
Pitch Diameter (D’) and 
Number Teeth (N) 


Number Teeth (N) and Ad- 
dendum (s) 3 

Pitch Diameter 
ametral Pitch ( 


Outside Diameter (D) and 
Diametral Pitch (P) 


Diametral Pitch (P) 
Addendum (s)... Diametral Pitch (P) 


Root (s +f)..... ; Diametral Pitch (P) 
Working Depth : 
(W) Diametral Pitch (P) 


Diametral Pitch (P) 
Clearance (f).... Diametral Pitch (P) 


Clearance (f).... | Tooth Thickness (t) 


POWER FACTOR CORRECTION 


Low power factor increases the Ky-a. rating required in generating 
equipment, switchgear, lines, and transformers, and not only pre- 
vents the generation of maximum Kw. but increases the losses in 
all current carrying parts, resulting in poor voltage regulation over 
the entire system. Various types of apparatus are available for im- 
proving power factor, but synchronous motors and static condensers 
have proven themselves to be most satisfactory. The synchronous 
motor, in addition to correcting power factor, may be used to carry 


-a mechanical load. Static condensers have no moving parts, require 
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POWER FACTOR CORRECTION—Continued 


no maintenance other than occasional inspection, and may be installed 
in out-of-the-way locations. : 

est method of correcting power factor in a given case can only 
be piistenes by a careful study of surrounding conditions. With- 
out taking into consideration special features, the amount of cor- 
rective Kv-a. may be determined as follows: 


KW 
=~ =KVA 

Present (a) P.F. 

(b) Reactive KVA= VKVA?—KW? 


KW _ 
() Dy =KVA 


: rf 
Desired | 


(d) Reactive KVA = VKVA?—KW? 
(b)—(d) =Corrective KVA required 


Present Percent i oe 
i ower-Faclor | 
PowerFactor Reactivetv-a fee 


180 
170 


e~ 
Cc 


‘N 


k— 100% 


Cos. £= Present Power Factor 
Cos, B= Desired Power Factor 
C= Reactive Kv-a. in per- 0 
cent of present Kw. load 
C= tan£-tanB 


\ 
\ To find the “Percent Reactive Kv-a.” necessary 65 
to raise the power factor from “Present Power 
Factor” to ‘‘Desired Power Factor,” lay a straight 

edge across the chart connecting these two values. 

Read the ‘Reactive Kv-a."’ in percent of the 

present kilowatt load on the middle scale. 
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EQUIVALENTS OF AN INCH 


EQUIVALENT 


Mil Decimal 


.625 | .015625 
250 | .031250 
875 | .046875 
.500 | .062500 
125 | .078125 
.750 | .093750 
.375 | .109375 
.000 | .125000 
.625 | .140625 
.250 | .156250 
.875 | .171875 
.500 | .187500 
.125 | .203125 
.750 | .218750 
.375 | .234375 
.000 | .250000 
.625 | 265625 
.250 | .281250 
.875 | .296875 
.500 | .312500 
125 | 328125 
.750 | .343750 
375 | .359375 
.000 | .375000 
.625 | .390625 
.250 | .406250 
.875 | .421875 
.500 | .437500 
125 | 453125 
.750 | .468750 
.375 | .484375 
.000 | .500000 
.625 | .515625 
.250 | .531250 
.875 | .546875 
.500 | .562500 
125 | 1578125 
.750 | .593750 
375 | .609375 
.000 | .625000 
.625 | .640625 
.250 | .656250 
.875 | .671875 
.500 | .687500 
125 | .703125 
.750 | .718750 
.375 | .743375 
000 | .750000 
.625 | .765725 
.250 | .781250 
.875 | .796875 
.500 | .812500 
.125 | .828125 
.750 | .843750 
.375 | .859375 
.000 | .875000 
.625 | .890625 
.250 | .906250 
.875 | .921875 
.500 | .937500 
125 | .953125 
.750 | .968750 
.375 | .984375 
.000 |1.000000 


FRACTIONS OF AN INCH 
64th | 32nd | 16th | 8th 


64 
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GAGES—WIRE AND SHEET METAL 


0000000 


Gage equivalents shown are rounded values. 
This table is for reference only. 


GAGES—WIRE AND SHEET METAL—Continued 


oS EE RT I 
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Abbrevia- 


tion 


AWG or. 
B&S 
BWG 


Stl. WG 
or NWG 


USG 


Name 


American Standard Wire 


Gage also known as Brown 
& Sharpe Gage. 


Birmingham Wire Gage 


also known as Stubs’ Iron 
Wire Gage. 


Steel Wire Gage also 
known as National, Roeb- 
ling’s, or Washburn and 
Moen’s Wire Gage. 


‘United States Standard 


Gage. 


Music Wire Gage. 


Common Electrical Terms 
Equivalent Values in Different Units 
Conversion Factors 
Weights of Materials 
Temperature Conversion Tables 
Dimensions, Weights and Resistance of Pure Copper Wire 
Conduit Sizes, Rubber Insulated 
Conduit Sizes, Lead Covered 
Wire Sizes for Motor Circuits 
Corresponding Conductor Size... 
Electrical Formulae for Determining 
Amperes, Horsepower, Kilowatts and Kv-a 


Table for Selecting 


Sizes for Motor Branch Circuits 
Conduit Sizes... 
Dimensions of Conduit or Tubing 
Space Requirements for Conduits 
Approximate Amperes for Induction Motors 
Formula for Determining Alternating Current 
Formula for Combining Resistance and Reactance 
Determination of Temperature by Resistance Measurements .... 
Measurement of Insulation Resistance by Voltmeter Method.... 
Handy Formulae... 
Mensuration of Surfaces and Volumes 


Graphic Symbols 


Combustion Data 
Composition of Fuel 


Gear Data 


Power Factor Correctio 
Equivalents of an Inch 
Gages—Wire and Sheet Metal 


Principal 
Applications 


Non-Ferrous Wire, sheet 


and strap. Steel banding 
wire. 


Spring steel (narrow strips). 
Wall tks. of seamless metal 
tubing. 


Steel wire except music 
wire and banding wire. 


Iron & Steel Sheet. The 
table shown uses the U. S. 
Standard Gage iron values 


for both iron and steel - 


sheet. 


Steel spring wire .090 diam. 
and less. 


witch,.Wire and Fuse 


Service Department 
Westinghouse Electric & Manufacturing Company 
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HINTS ON ELECTRICAL MAINTENANCE 
Section 8 


COMMUTATOR MAINTENANCE 


The most important factor and the one tipon which 
the success or failure of any direct current machine de 
pends is commutation. Regardless of any other good 
features a machine may have, it is of no commercial 
importance unless it can be made to commutate suc- 
cessfully. 


Assuming that the design of a machine is such that 
good commutation is to be expected, one of the surest 
means of securing continued satisfactory operation is 
through maintaining the surface of the commutator in 
good operating condition. In general, this means that 
the commutator surface should be smooth, concentric, 
and properly undercut. 


Causes of Poor Commutation 


In Power and Industrial work, commutators may be- 
come rough through overloading, which produces ex- 
cessive sparking or burning, and overheating. In Rail- 
way work, an additional cause of roughness is over- 
speeding of motors. Over any considerable period of 


time, any of the above abnormal conditions may exist — 


more or less frequently, depending on the severity of the 
service, and as a poor surface becomes cumulatively 
worse, a point is reached where more satisfactory opera- 
tion, and less frequent brush replacement, can be ob- 
tained by placing the surface in first class condition. 


Commutator roughness is usually characterized by an 
abrupt change from one bar to the next as distinguished 
from an eccentric commutator in which there is a very 
gradual change in the surface where the commutator 
might be said to be egg-shaped. Variations from one 
bar to the next of as much as one ten-thousandth of an 
inch. are sufficient to cause a commutator to perform 
badly, break brushes or cause excessive brush wear on 
high speed commutators. 








Roughness of a commutator surface can be detected 
by placing a pencil on a brush while the machine is 
rotating. Care should be taken to stand on a board or 
insulating platform of some kind, not to touch any metal 
part of the machine, and to use a wooden pencil if the 
machine has voltage on it. The surface of a commutator 
should be concentric within one thousandth of an inch on 
commutators whose peripheral speeds are around 5500 
feet per minute. For pheripheral speeds in the neigh- 
borhood of 9000 ft. per minute, commutators should be 
concentric to within one-half, a thousandth, which is 
about the practical limit for grinding. 


Slow speed, large diameter commutators will operate 
successfully with greater eccentricity than mentioned 
above because the angular velocity is low and the brushes 
can follow the surface, but it is poor practice to operate 
even very slow speed commutators with an eccentricity 
greater than three thousandths as this may be enough 
to cause side wear of the brushes. The concentricity 
of a commutator can be checked with a dial gauge mount- 
ed on a brush. 


Grinding 

Resurfacing of a commutator should always be done 
with a grinding rig, whether it is to be ground concentric 
or in order to remove high bars or flat spots. A hand 
stone should never be used on a commutator to obtain 


a true surface, because it simply follows the irregulari- 


ties in the surface and in some cases may even exaggerate 


them. The grinding rig consists of an abrasive stone 


set up similar to a lathe tool ina rigging or carriage which 
may be moved back and forth in an axial direction and 


equipped with a radial feed. It should be supported 


very rigidly so that the .stone is subjected to a very 
minimum of vibration. In large D-C. equipment, such 
a rigging can be mounted on a brush arm by removing 
the brushholders on that arm. In some cases, it may 
even be desirable to brace the brush-holder bracket arm, 
while grinding, to obtain maximum rigidity. It is also 
possible by removing the brush rigging to support the 
grinder on parallels supported from the bedplate. 
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Fic. 1—GRINDING DEVICE FoR TRUING CommuTAToRS 


Grinding should be done when the machine is running 
in its own bearings and at rated speed in the case of a 
constant speed machine. If grinding is done at low 
speed, any slight unbalance will cause the commutator 
to run eccentric at rated speed. 


Great care must be exercised to prevent copper and 
stone dust from entering the windings. The grinding 


rig should be equipped with a vacuum cleaner arrange- 


ment, fitted over the stone to catch all dust (See 
Section 4 Insulation, pages 46 and 47). If a suction 
system is not available, the necks of the commutator 
and the front end windings should be protected by 
pasting heavy paper over them or by covering with a 
cloth hood properly applied. 

In order to rotate the machine, it may be belted to an 
auxiliary driving motor or in the case of an M.G. Set, 
it can be run from the machine on opposite end of shaft. 


In the case of Railway motors, it is impossible to grind 
the commutator of a motor which is assembled because 
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there is not sufficient space available. The armature 
must be removed from the frame. Since the bearing 
housings are an integral part of the frame, it is difficult 
to rotate the armature without considerable investment 
in tools and fixtures. Again Railway.motors may be of 
two different types as regards bearings—that is, sleeve 
bearing or anti-friction (ball or roller) bearings. Practi- 
cally all Railway motors having sleeve bearings are 
relatively slow speed machines and as such commutator 
reconditioning can be done satisfactorily in a good 
lathe by taking a very fine cut off the surface and then 


polishing with a rotating wheel similar to the procedure 


used in turning and grinding shafts. 

With ball or roller bearing motors, the speeds are 
quite high and it is ordinarily not satisfactory to do 
commutator grinding work in a lathe. This -work 
should be done in a special rigging equipped with a 
grinding rig as described above, a small auxiliary driving 
motor, and an arrangement of adapters for the bearings 
so that the armature can be run in its own bearings. 
The grinding should be done at a speed as near to rated 
maximum speed as possible and still have the grinding 
stone not affected by vibration. If it is impossible to 
grind. an armature in its own bearings, a satisfactory 
grinding may be obtained in a lathe if the inside races 
of the bearings are made to run absolutely true in shaft 
centers. This is accomplished by scraping the shaft 
centers until the bearing races run true. This latter 
method is not to be recommended except as an expeaicat 
in cases of emergency. 

The stones used in grinding commutators aight be 
classed as rough, medium and fine. The rough stone 
has a grit’ of about 80 mesh and is used only where a 
very large amount of copper is to be removed. It 
should be used very seldom because if sufficient copper 
is to be removed to warrant its use, it would be better 
to take a cut off the surface in a lathe. The medium 
stone. has a grit of about 120 mesh and is used for the 
bulk of the grinding work, the fine stone being used only 
to obtain a fine finish.. The fine stone should have a 
grit of about 200 mesh. 




















After grinding, all commutator slots should be cleaned 

out thoroughly and the edges of the bars beveled. 
_ This beveling accomplishes two things; it removes the 
burrs caused by the stone dragging copper over the 
slots, and eliminates the sharp edge at the entering side 
of the bar under a brush. The bevel on the bars is 
done with a special beveling tool and should be about 
3z chamfer at 45°, for medium thickness of bars. For 
thinner or wider bars, the beveling can be changed 
accordingly. 
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Fic. 2— CORRECT METHOD OF STAGGERING BRUSHES 


Practically all up to date machines have undercut 
mica. This undercutting should be kept 3; deep+ 
ei’. If it is apparent that enough copper is going to 
be removed by grinding so that the undercutting will 
be shallow, the commutator should be reundercut be- 
‘fore grinding. This is done by means of a small cir- 
cular high speed saw about .003” thicker than the 
nominal thickness of the mica. In undercutting, great 
care must be taken to see that a thin sliver of mica is 
not left against one side of the slot. Sometimes this 
sliver must be removed by scraping by hand. 


After grinding, undercutting the mica, and beveling 
the edges of the bars, the commutator surface should be 
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polished, while operating at rated speed. Aloxite or 
sandpaper should first be used (never emery cloth or 
paper) as this will remove the burrs due to beveling. 
After a very fine grade of sandpaper is used, a high 
polish can be used by’ burning the commutator with 
dense felt or canvas. A further improvement of the 
surface can be secured if a small amount of light oil 
is applied to the canvas during the polishing. 


COMMUTATOR SEASONING 


Some years ago it was practically taken for granted 
that a certain amount of commutator seasoning would 


_take place in the field during the first year of operation 


and that commutators should be tightened periodically 
as the mica baked out. Factory methods and equipment 
have been greatly improved, so that almost all commu- 
tators are now shipped thoroughly seasoned and it is 
no longer necessary to tighten them in the field. 
Tightening, therefore, should be done only upon advice 


from the manufacturer’s Service Department. 


OTHER CAUSES OF POOR COMMUTATION 


In addition to keeping the commutator surface in good 
condition, there are a number of other points which 
should be checked if trouble due to poor commutation 
is encountered: 


_ Mechanical Spacing of Poles and Brushes 


Due to assembling and reassembling, or due to rough 
handling of machines, it is possible for pole and brush 
spacing to be out of adjustment. Main and commu- 
tating pole spacing must be uniform within +2)’. 
Also, the horizontal axis of each pole piece should be 
parallel to the shaft of the machine. Adjustments 
of pole pieces can be made by means of clearance holes 
in the frame for pole bolts. Brush-holder spacing must 


also be uniform around the commutator within +3”. 


This can be checked by passing a tape around the com- 
mutator and marking the position of one brush in each 
arm. | : 
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The position of the other brushholders on the same arm 
can then be adjusted so that all brushes are perfectly 
aligned in an axial direction. . Brushholders should 
also be adjusted so. that there is about 14” maximum 
clearance between brush boxes and the commutator 
This clearance will increase as the commutator went 
and should be taken up by moving the brushholders 
down correspondingly. 


Wooo /IANOLE 
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Fic. 3—Too.is To IMPROVE COMMUTATOR UNDERCUTTING 


Staggering Brushes 


Brush-holder arms should be staggered in pairs in an 


axial direction approximately %%’’ to prevent grooving 
. of the commutator. D-C. brushholders should be ad- 
justed so that the pressure on all brushes is as uniform 
as possible. This prevents selective action by which 
certain brushes may take more or less than their proper 
share of the load. The pressures used vary considerably 
with the grade of brush and the type of service, and 
should be obtained from the Instruction Book covering 
the type of generator or motor. Brushes should also be 
checked frequently to make sure that they move freely 
in the holders. Any brushes found sticking can be freed 
by sanding the high spots with fine sandpaper. | 


Neutral Determination 


Location of the correct brush position has been covered 
previously in Section 2, “‘The Direct Current Motor,” 
pages 19 and 20. : 
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HINTS ON ELECTRICAL MAINTENANCE 


‘Section 9 


BEARINGS AND LUBRICATION 


In section 2 the Direct Current Motor, pages 20 and 21, the 
subject of bearings was covered in a limited way. Ii ts the 
purpose here to expand thts material and cover the principal 
types of bearings in general use, because matntenance engt- 
neers are vitally interested. 


* * 


Bearings and lubrication are of the greatest importance 
regardless of the size of the apparatus. For example, an 
analysis of induction motor failures shows the bearings to 
be the principal offenders. ‘This follows because failure of 
a bearing allows the rotor to rub against the stator. 


SLEEVE BEARINGS ~ 


In the electrical field, probably the most generally used 
bearing is the sleeve type. In recent years, the simpler 
sleeve type bearings have been largely superseded by the 
sealed sleeve type, which requires very little attention, 
since the oil does not become contaminated and oil leakage 
is negligible. See : 


BALL AND ROLLER BEARINGS 


The real advantage of the ball and roller types of bear- 
ings over the sleeve type is in the starting friction which is 
practically the same as the running friction. This unfavor- 
able comparison does not apply under running conditions, 
when the oil film has been established. 


KINGSBURY THRUST BEARINGS 
While other types of bearings are used to carry thrust, 


. 


Kingsbury thrust bearings will be covered in this discus- 
sion. 


























SLEEVE BEARINGS 


Sleeve bearing design in general is based on the fluid 
theory of lubrication developed about fifty years ago, 
principally by Prof. Osborne Reynolds. Reynolds showed 
that the oil because of its adhesion to the shaft, and be- 
cause of its viscosity or resistance to flow, is by the rota- 
tion of the shaft, dragged along so as to form a wedge 
shaped film between the shaft and the bearing. This action 
sets up a pressure in the oil film which in turn supports the 
load on the bearing. This film completely separates the 
bearing surfaces so that there is no metal to metal contact. 
There is, therefore, no bearing wear when running. 

This wedge shaped film of oil was shown by Reynolds 
to be the absolutely essential feature of effective lubrica- 
tion. Without it, no great load can be borne on the bear- 
ing, except with the accompaniment of high friction. 

Pipe ; 
Thread Compressed Cork 
Seal Gasket Seal 


Compound Felt Suction Brovented 
and mcsiDele by Air By-Pass 
ea a 
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slight lift of the shaft. The thickness of this film has been. 


carefully measured. The range is from a little under one 
thousandth to a little over three thousandths of an inch. 
The mean thickness of the film, however, is usually not 
more than .002 or .003 of an inch at normal speeds. 

Two outstanding considerations govern the design and 
maintenance of sleeve bearings. One is to insure at all 
times the existence of an oil film between journal and sleeve, 
and the other is to keep the destructive effects of metal-to- 
metal contact to a minimum when the oil film is lost as 
during starting, or by accident. 7 
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is definitely dependent upon a number of important char- 
acteristics of the oil film: 
1—Thickness of the film (governed largely by unit pres- 
sure and viscosity of the oil). — : 
2—Viscosity or simply resistance to flow (determined 
by the nature of the oil and the temperature in the film). 
3—Oiliness (principally dependent on the shape and 
arrangement of the oil molecules). _ i 
However, as long as the friction is confined to the oil 
film and there is reasonable facility for dissipating the 
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SLEEVE BEARINGS 


Sleeve bearing design in general is based on the fluid 
theory of lubrication developed about fifty years ago, 
principally by Prof. Osborne Reynolds. Reynolds showed 
that the oil because of its adhesion to the shaft, and be- 
cause of its viscosity or resistance to flow, is by the rota- 
tion of the shaft, dragged along so as to form a wedge 
shaped film between the shaft and the bearing. This action 
sets up a pressure in the oil film which in turn supports the 
load on the bearing. This film completely separates the 
bearing surfaces so that there is no metal to metal contact. 
There is, therefore, no bearing wear when running. 

This wedge shaped film of oil was shown by Reynolds 
to be the absolutely essential feature of effective lubrica- 
tion. Without it, no great load can be borne on the bear- 
ing, except with the accompaniment of high friction. 
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slight lift of the shaft. The thickness of this film has been. 


carefully measured. The range is from a little under one 
thousandth to a little over three thousandths of an inch. 
The mean thickness of the film, however, is usually not 
more than .002 or .003 of an inch at normal speeds. 

Two outstanding considerations govern the design and 
maintenance of sleeve bearings. One is to insure at all 
times the existence of an oil film between journal and sleeve, 
and the other is to keep the destructive effects of metal-to- 
metal contact to a minimum when the oil film is lost as 
during starting, or by accident. : 








Coefficient of Friction 
As an example, consider a conventional type motor. 


If a hole were bored in the cast-iron bracket and the 
shaft allowed to slide around in it without a lubricant of | 
any kind, the force necessary to apply at the periphery of 
the journal to cause rotation would be about 0.4 the weight 
of the rotor. This is much too high for a practical bearing. 
It would consume too much power and develop too much 
heat, even aside from the problem of bearing wear. 


Of course a good plain bearing carrying a heavy load in 
pounds per unit area when starting from rest after a 
period of idleness may require as much as half this amount 
of force at the moment of starting. This is the case, even 
if the bearing is provided with ring oiling in the customary 
manner, because the film of oil normally separating the 
journal from the bearing has been squeezed out to a large 
extent, but under favorable conditions of speed, load, and 
lubrication the frictional force to be overcome when run- 
ning will often be as little as one one-hundredth of the dry 
friction. | ) | 

This great reduction in friction to .a coefficient (as it is 
called) of 0.004 is inherent in the oil film separating the 
moving and stationary parts of the bearing and clinging 
to each. Thus the rubbing or sliding phenomenon takes 
place in the oil film itself and the remaining friction in an 
ideal bearing becomes fluid friction almost entirely. 

If the bearing were to run continuously under these 
conditions so that the journal does not come into contact 
with the bearing lining, and if dirt is prevented from get- 
ting between the bearing and the journal, piercing the oil 
film and scratching the metal surfaces, it should not be 
necessary to look after such a bearing oftener than every 
several years. Unfortunately these ‘‘ifs’’ are not always 
upheld. : oy : 

All plain bearings, even with good film lubrication, do 
not have as low a coefficient of friction in operation as 
0.004. In some exceptional cases it is possible to cut this 
figure in half, but on the average a somewhat higher coeffi- 


- cient is obtained. Friction in an oil film in a plain bearing 


is definitely dependent upon a number of important char- 
acteristics of the oil film: 7 | 
1—Thickness of the film (governed largely by unit pres- 
sure and viscosity of the oil). 
2—Viscosity or simply resistance to flow (determined 
by the nature of the oil and the temperature in the film). 
3—Oiliness (principally dependent on the shape and 
arrangement of the oil molecules). 
However, as long as the friction is confined to the oil 
film and there is reasonable facility for dissipating the 
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heat, the bearing will be one that can be forgotten, even | 


though, in shop parlance, it does ‘‘run hot.” 

While such a bearing is running normally it makes 
little difference of what materials the bearing or journal is 
‘made. A soft steel shaft in a cast-iron bearing is as good 
as any. However, a bearing is not always running; it is 
sometimes starting—in many cases, frequently starting— 
during which time the oil film is much impaired so that 
there may be metal-to-metal rubbing between shaft and 
journal. For soft conditions contact of soft steel on cast 
iron, although better than soft steel to soft steel, is not the 
best combination. It becomes desirable to have dissimilar 


metals at the moving contact and also the materials should 


preferably differ widely in hardness. 


Point of Highest Pressure 
of Shaft on Bearings 


Point of Highest Pressure Point of Nearest Ap- 

on Oil Film at Moment of proach of Shaft to Bear- 

Breaking Metal to Metal ing Surface when Oil Film 

Contact of Shaft with is Fully Established 
Bearing Surface 


Fic. 2—O1L Fitm AND LOAD DIRECTIONS IN A SLEEVE BEARING 
UNDER DIFFERENT CONDITIONS 


Although the loss of oil film at starting or under slow 
motion with heavy pressure may give some concern and 
influence the choice of bearing materials, the most trouble- 
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~ some condition arises when the loss of oil film occurs at 


normal speeds. The oil film may be ruptured by any of 
several conditions: The shaft may be bowed or deflected 
by a heavy overhung load, such as occurs if the belt ten- 
sion is excessive. The shaft may be bent during the 
handling or when it is pressed into a rotor or other part. 
There may be a misalignment of parts, so that the axis 
of the bearing is not exactly parallel to the axis of the shaft. 
The journal or bearing surface may not be exactly true. 

The bowed shaft resulting from too tight a belt or sim- 
ilar cause will probably not show up during manufacture 
or test of a motor. Bent shafts, misalignment, and high 
spots should show up while the motor is given its pre- 
liminary run. Frequently, such trouble will be indicated 
in the case of the smaller motors by the difficulty of turn- 
ing the rotor by hand. 
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Fic. 3—CoONSTRUCTION OF A MODERN SEALED-SLEEVE BEARING 

Slight metal-to-metal interference may not be particu- 
larly detrimental if the journal and especially the bearing 
material are wisely chosen. This possibility is indeed one 
of the controlling reasons for the choice of bearing mate- 
rials usually made. 






































Why Use Babbitt in Bearings 

Isaac Babbitt, Taunton, Mass., Yankee, obtained a 
patent on Babbitt metal in 1839. This is probably one of 
the important basic inventions of modern times. Babbitt 
and high speed steel are U.S. contributions to modern 
metallurgy. : 


A good quality tin-base babbitt material will flow or 
“wipe’’ away at a small spot of interference as the shaft is 
rotated so that the interference becomes less and less until 
a thin oil film is established where metal-to-metal contact 
existed. If the interference is sufficient to cause trouble 
before wiping will clear it, heat developed will raise the 
temperature of the whole bearing housing. If the limits 
for temperature rise are properly chosen, the. excessive 
rise noted will indicate to the observer that corrective 
measures should be taken. The bearing material that is 
used because it is self-clearing for slight interferences is 
easy to scrape so that more serious interferences can easily 
be removed. 3 


Bronze bearings without a lining of softer material have 
been used for low-speed service. This material being much 
harder than babbitt will not accommodate itself as readily 
to the contour of the journal. High speed operation 
would, therefore, much more likely result in overheating 


and seizing; furthermore there is the possibility of hard 


particles in the bearing surface that tend to cut the shaft 
when metal-to-metal contact is established. 

Oil Leakage 

_ Itis a well known fact that oil rings carry a considerable 
amount of oil, far more than necessary for proper lubri- 
cation of the bearings. When running, most of this oil is 
carried on the outside diameter of the rings, due to centrif- 
ugal force. When passing through the oil ring slots and 
past the sight hole on bearing shell, a good deal of this oil 
is stripped off, causing splashing. It will be found that even 
at fairly moderate speeds, a spray issues from peep holes 
in bearing shell. 


This spray may also reach the inner side of the covers 
in the housing cap, and spread to the outside surfaces by 
creepage. Air currents passing over these wet surfaces 
will pick up particles of oil and carry them into the ma- 
chine. In order to overcome this difficulty, plugs should 
be fitted into the peep holes in the bearing shell. They 
may be attached by a short chain to the inner side of 
covers in housing cap, so that when lifting a cover for 
inspection, the plug is pulled up with it. 

_ The oil rings also may cause a good deal of splashing. 
This is especially true at high speeds. This condition may 
be largely overcome by having baffles so arranged as to 
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box in the oil rings, thus confining the oil turbulence. 
The bearing split is a common source of trouble. The 


fundamental answer is to make sure that ample bearing 


surface is provided at the split, the two halves-must. be 
accurately machined and additional bolts should be used 
for proper hold-down. In some cases, an oil proof fibre 
gasket of suitable thickness, about »;’’, has been found 
to give good results. 


It would probably be safe to say that most leakages 
are caused by air currents passing through the bearing 
housing, the result of blower action by the moving parts 
of the apparatus. 


It is therefore essential to avoid such openings where 


the outside suction is high. Here is where the felt washer 
does good work. 





























It should be said here that the purpose of the felt washer 
is usually misunderstood. The belief exists that the felt 
is to prevent the oil from leaking out. This assumption 
is absolutely wrong and if conditions are so bad as to 
show that liquid oil escapes, then it is quite certain that 
the felt washer will not remedy the trouble for any length 
of time. Just as soon as the felt becomes oil soaked, the 
leakage will go on as before. 

The purpose of a felt washer is, and should be at all 
times, to seal the housing against the air currents. Only 
as an air seal will the felt washer be of any real benefit. 
Even then, certain points will have to be observed: 

First, use the very highest grade of soft felt obtainable. 
Second, use a felt washer not less than 14” thick be- 
fore compression. Sok 


Third, make a good mechanical job cutting the wash- - 


er, so that inside diameter of the washer is true with 

- edges at right angles to the surface of the felt. Make 
the inside diameter the same as the shaft, or a trifle 
under, but not over. 

Fourth, make the sheet steel supporting washer with 
an inside bore larger than the shaft diameter by about 
twice the thickness of the felt. This permits the felt to 
expand next to the shaft and retain its resilience. 

For all ordinary conditions, the felt washer has probably 
come the nearest to solving the problem of oil leakage pro- 
vided the suction is not very high. In cases, however, 
where the suction is high enough to create a vacuum at 
the housing face of 14" of water or over, then other meas- 
ures must be applied. 

For these high vacuum conditions, it will probably be 
necessary to use some sort of an air by-pass such as is 
incorporated in most modern sleeve bearings. For old 
bearings, this often means considerable work. 

Oil leakage is generally aggravated by high temper- 
atures. See that bearings operate cool and use an oil 
which does not foam easily. 


Bearing Currents 


The simplest and most practical way of testing for 
bearing currents is to see whether a small wire placed be- 
tween shaft and pedestal will draw a visible spark. The 
presence of any spark at all is sufficient cause for assum- 
ing that bearing currents will flow unless prevented. 

The pitting is caused by an arcing action across the oil 
film, currents under about 114 amps. per square inch 
harming the bearing only. Currents of greater density 
attack the shaft also. : 

It is difficult to measure the current, because the fre- 
quency is usually several times line frequency, and ordi- 
nary instruments are not suitable. 





The most effective and usually the simplest method of 
protecting shafts and bearings against current is to place 
insulation under the pedestals or brackets. Usually an 
insulation thickness of 44” is sufficient, since the voltage 


_ (measured after insulation is applied) probably never ex- 


ceeds 10 volts. : 

From a maintenance standpoint, make sure that the 
bracket or pedestal insulation is not short circuited by 
metal thermostat or thermometer leads, or by piping. 

Sleeve bearings on street railway motors are seldom if 
ever affected by pitting action, because these bearings are 
waste oiled, and operate without oil films. Due to the re- 
duced contact area of ball or roller bearings trouble is not 
unknown when these bearings are used. 


Oil Film Measurement 


An electromagnetic device for measuring oil films has 
been devised by the Westinghouse Research Department. 
Two U-shaped electromagnets are mounted diametri- 


cally opposite each other, with a ring of laminations 


shrunk on the shaft, forming an armature. The electro- 
magnets carry primary and secondary windings. The 
primaries are connected in series; the secondaries in series 
opposed. For a central position of the shaft, the voltage 
in the secondary circuit is zero, and as the shaft moves 
the secondary voltage rises directly as the motion. This 
method was used on a bearing 9 inches in diameter and 18 
inches long, subjected to a pressure of 150 Ib. per sq. in. 

A comparison of oil-film thicknesses as determined by 
calculation and as measured with the electromagnetic de- 
vice described above. On all important installations the 
values of oil-film thickness are checked carefully. In 
finely bored small bronze bushings a film of about 0.001 
inch is sufficient. For ordinary bearings with steel shaft 
and babbitted shell a thickness of oil film above 0.00075 
inch should be maintained. These values, which have 
often been checked, appear to be well founded. 
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BALL AND ROLLER BEARINGS 


Sleeve bearings have done, and are still doing, a wonder- 
ful job in carrying the rotating burdens of the world and 
in reducing friction to a minute fraction of what would be 
possible without them. Indeed it is probably true that 
the best performance of sleeve bearings has not been ex- 
ceeded by any other type. There are, however, two out- 
standing problems in connection with the use of sleeve 
bearings that have troubled engineers, and that have led 
to the development and increasing use of what are called 
for want of a better name, anti-friction bearings, that is, 
ball and roller bearings. . ee : 

The first of these problems is a fundamental one that 
concerns the separation of the rotating part of the bearing 
from the stationary part. In a sleeve bearing the separat- 
ing medium is usually an oil film, as has been explained 
and at rest there is no film. 


Accordingly, engineers have developed the ball and 


roller bearings in which oil is displaced’ as the separating 
medium by a series of ball or rollers that remain between 
the stationary and rotating parts of the bearing whether 
in operation or at rest. : 


The second problem, although not exactly fundamen- | 


tal, had nevertheless been extremely troublesome. This 
concerns the fact that oil, which is distinctly the superior 
lubricant for sleeve bearings, necessitates special sealing 
arrangements to keep it within the bearing housing. The 
ball or roller bearing, grease lubricated, has therefore pre- 
sented itself as a solution to this second major problem. 

These advantages and others of a more minor nature 
have led to a broad and increasing use of this type of 
bearing. However, in spite of the fact that a very large 
majority of the millions of these bearings annually placed 
in service gives entirely satisfactory service, they furnish 
an engineer with a variety of problems, some of them 
serious. In other words, the solution of the problems of 
the sleeve bearing by substitution of a ball bearing has 
introduced problems of its own and the solution of these 
problems has given rise to still other problems so that the 
matter is not as simple as it first seems. 

The ring of balls intended to replace the oil film of a 
sleeve bearing separates the rotating inner race of the 
bearing from the stationary outer race. Considering a 
horizontal shaft, the two or three balls directly below the 
shaft at any instant carry practically all the load. They do 
not slide but roll between the two races which they con- 
tact. The relation between the diameters of the inner and 
outer races at the place where the balls roll and the rota- 


tional speed of the inner race definitely determine the for- 
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ward speed of these balls around the circle. They can 
move no slower and no faster than this speed without 
slipping. The other balls are not ordinarily under load- 


Although they rotate on their axes, partially from the’ 
momentum gained while in the loaded position and par- 
tially from light contact with one or other of the races, 
they are not compelled to rotate at any particular speed 
and undoubtedly slow down in their rotational speed after 
they leave the loaded zone, thus giving a partial sliding 
contact with the inner and outer raceways. The tendency 
therefore is for these unloaded balls to lag and acquire a 
non-uniform spacing. If this were permitted, the balls 
would bind against one another as they passed into the 
loaded zone, resulting in improper operation. 

The common solution for this problem is the intro- 
duction of a cage, separator, or retainer as it is variously 
called. Each ball has its own pocket in this separator. 
The loaded balls drive it around at a definite speed 
governed by their rolling contact with the raceways and 
it, in turn, drives the laggards. The balls in the separator 
pockets make sliding contact with the engaging surfaces. 
The pushing around of balls and by balls indicates a load 
to be carried on these bearing surfaces so that the elements 
of a plain bearing are re-introduced. Lubricant thus be- 
comes a necessity. ; 


Misalignment 

Under certain conditions this problem becomes worse. 
If misalignment is present, balls at different points around 
the circle may be loaded, artificially perhaps, but none the 
less forced to roll. The contact of these balls with the race- 
ways will not be at a uniform diameter. The driven balls 
will therefore tend to rotate at different speeds. The 
actual speed will have to be reduced to uniformity against 
the pressure of the various driven balls. The load on the 
retainer is increased and a still greater need for lubrica- 
tion arises. Thus we have a grease problem. 


Lubrication 

Many greases deteriorate in time and in service by 
either oxidation or separation or both. 

In the case of separation, the oil comes out of the mix- 
ture and escapes, leaving a hard, flaky residue without 
any lubricating value of an abrasive nature. 

In the case of oxidation, the grease progressively be-— 
comes tacky and, if normally a yellow grease, discolored. 
Finally it becomes definitely sticky and gummy, like 
varnish. In this condition it cements the retainer to both 
‘inner and outer races and as the ball assembly runs at 
neither the speed of the outer race nor the speed of the 
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inner race, the balls must drive the retainer with enough 
force to tear this sticky film. Meanwhile the interior of 
the bearing is sealed by this sticky film from any fresh 


‘supply of lubricant. The interior becomes dry and the 


sliding friction of the balls on the retainer surfaces under 
the various artificial loads described is not mollified by the 
anti-friction oil film. -Dry metal-to-metal contact results 
in high temperatures and power losses and what is per- 
haps worse, abrasion of the metal of the contacting sur- 
faces. The fine particles removed by abrasion are rolled 
under the balls and forced into the surfaces of the balls 
and raceways, causing roughness and noise. In the ex- 
treme case, the thin section of the retainer wears through 
and pieces of it get under the balls, causing complete de- 
struction. 


This problem has been recognized and several remedies 
suggested. Sometimes cast-bronze retainers have been 
used as a partial corrective measure, but, being bulky and 
heavy, they tend to interfere with the free passage of 
grease into the bearings and to hang heavily upon the balls 
or races. 


Non-metallic retainers, such as those made of micarta, 
have been used instead of pressed steel or brass, cast 
bronze, or other metals. In small grinder spindles running 
at many thousands of revolutions per minute the life of 
the bearings has been increased from a few hours or days 
to several weeks or months by this substitution. They are 

. light and flexible and are less sensitive to scanty lubrica- 


tion. At such speeds as these, however, grease is not 


used; oil, in the form of mist, is the lubricant. 


Retainer lubrication, although important, is not the 
only lubrication problem in ball and roller bearings. 
Roller bearings particularly have surface where sliding 
rather than rolling friction occurs and although the sur- 
faces of the rolls which contact the races in this way and 
the corresponding surfaces of the races are extremely 
hard, a measure of lubrication must be provided if sub- 
stantial loading is to be carried successfully. . 


Even balls, and everybody has heard that ‘nothing 
rolls like a ball,’ have a certain amount of sliding friction 
when under load. Under load the theoretical point contact 
of the ball with the raceway spreads out into an elliptical 
area. Because this area of contact is spread over curved 
surfaces, all points in the area of contact do not occur on 
circles of equal diameter. 


_A ball can run at only one speed and this will corre- 
spond to the diameter of the circle where the heaviest pres- 
sure occurs. Points at the ends of the elliptical area must 
slip. This slippage is very slight in the case of radial bear- 
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ings and especially at light loads and is more pronounced 
in the case of angular contact bearings and specially at 


heavy loads. 


Corrosion 


Because of the small areas of contact between balls (or 


‘rollers) and raceways the unit pressure at these contacts is 


extremely high and necessitates the use of hard materials. 
These materials unfortunately are highly subject to cor- 
rosion, so much so that after the flood in 1936, ball and 
roller bearings in their cartons that had been submerged 
could scarcely be salvaged without regrinding if not washed 
and flushed in oil within a couple of days after the water 
subsided. 

The highly polished surfaces of ball and raceways tarnish 
in air. Even such slight imperfections of surface interfere 
with satisfactory operation. This situation affords the 
lubricant another opportunity for usefulness—to cover 
the bearing surfaces at all times. Where oil-lubricated ball 
bearing motors stand idle for long periods, so that the 
oil may drain from the bearing surfaces, trouble may be 
experienced from corrosion. 


Not less harmful are corrosive ingredients that may be. 
contained in the lubricant or which may be developed in 
the lubricant over a period of time. This serves to em- 
phasize the great importance of choosing the correct 
lubricant for the application. 


Dust and Dirt 


- Motors often operate in very dirty places. Even in 
applications considered average as far as abrasive atmos- 
pheric dust is concerned, the abrasive particles may pene- 
trate the housing seals and reach the important bearing 
surfaces. Cast iron dust not removed from the housing 
parts after machining operations may greatly increase its 
abrasive character by combining with oxygen to form 
iron oxide. This is the material used to polish glass; it 


cuts the steel surfaces rapidly. 


Carelessness in keeping grease or oil containers closed 
permits abrasive dust to enter the bearing through the 
lubricant. Even fine brass cuttings, worn from housing 
seals by rubbing contact with the shaft, mixed with the 
lubricant make an effective lapping compound. The fact 
that the brass is softer than the hard steel surfaces of the 
bearing does not prevent the abrasive action. 

Sometimes these abrasive particles lodge in the surface 
of the relatively soft retainers, creating a most effective 
lapping device. Retainers that present edges rather than 
surfaces of their materials to the balls would seem to be 
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most free from this difficulty. Balls of about 3% inch diame- 
ter have been known to wear down as much as % inch 
in diameter in a few months and with a very small quantity 
of abrasive, such as emery dust, present. 

Foreign particles, whether abrasive or not, have another 
detrimental effect on ball bearings. There is almost no 
clearance radially between the balls and races of ball 
bearings. Solid particles that are rolled between the balls 
and races are not only crushed but usually are indented 
into the material of the balls and raceways, because of the 
great unit pressures. The load-carrying capacity of these 
surfaces thus becomes impaired and the roughness results 
in a bearing noise. | 3 

Dirt is difficult to remove from a ball bearing. Even 
washing in a vessel of solvent will not usually remove all 
of it. When dirt mixes with the grease of a ball bearing 
there is no way of getting rid of it except by removing the 
contaminated grease. 


Speed | 

The question of speed pronouncedly affects ball bear- 
ings. For one thing the bearing is artificially loaded by 
the centrifugal force of the balls moving at the high 
speeds. Tables of bearing load capacities, found in ball 
bearing catalogs, indicate the large percentage reductions 
in external loading that must be made when going from 


low to high speeds. Likewise, they also show that this 


problem is more critical as the larger sizes of bearings are 
considered so that an upper limit is set. 

Roller bearings particularly are difficult to lubricate 
successfully at high speeds. In some cases the necessity of 
periodic replacement must be accepted as regular proced- 
ure. The use of oil instead of grease usually raises the upper 
limit for speed. 


Replacing Ball Bearings 


Another important consideration in connection with 
ball and roller bearings is the matter of fit. Involved in 
this is the engagement of inner race with the shaft, fit of 
the outer race in the housing bore, and the internal ‘‘fit- 
up’’ of the bearing, which determines the running clear- 
ances between the relative moving parts. The total radial 
clearance between balls and races of a ball bearing may 
be as little as a fifth or a tenth of the thickness of a human 
hair. The degree of internal: looseness is held to close 
limits of accuracy by so-called selective assembly in which 
races are sorted according to diameter to tenths of a 
thousandth of an inch. 

Balls likewise are sorted according to diameter to the 
same limits. Outer races, inner races and balls are then 
matched so that the required looseness will be obtained. 
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Were it possible to continue this selective assembly when 
the bearings are mounted on the shaft and in the housing, 
less difficulty would be encountered. 

The standard SAE ball bearings bore tolerances vary 
from about 0.0004 for small earings of about one inch 
bore to twice this amount for larger bearings. The toler- 
ance on the shaft diameter at the bearing fit for a bearing 
of average size will usually be about 0.005 inch, with a 
minimum diameter to obtain a minimum interference fit 
of a tenth or two when the largest bore bearing is used. 

When the largest shaft and smallest bore bearing get 
together the interference nay become as much as 0.0010 
on small bearings (one to two-inch bore) and 0.0015 on 
larger bearings, and a large percentage of this appears as 
increase in diameter of the inner race. If the internal 
clearance in the bearing is less than this, artificial loading 


of the bearings will take place. The balls will be slightly 
- flattened and the. races slightly dented. This flexing of 
the material travels around the balls and raceways with’ 


resultant heating of the bearing and failure of the surface 
material. : 

Similarly the fit of the outer race in the housing will 
not be uniform. The SAE tolerance for outer race outside 
diameter is 0.0005 inch for small bearings and as much as 
0.0012 inch for large bearings. In good machining practice 
the bores of average size housings may be held to 0.001 to 
0.0012 tolerance. 

Because the shaft of the motor gets hotter than the frame 
structure it expands more in length. .To compensate for 
this at least one bearing must be free to move axially in 
the housing and must have therefore a minimum of a few 
tenths of a thousandth clearance. Considering tolerances, 
the loosest fit may be as much as 0.003 inch. This some- 
times gives rise to objectionable noise. 


KINGSBURY THRUST BEARINGS 


- The Kingsbury thrust is an oil bearing, suitable for 
either vertical or horizontal shafts. A plain collar forms 
one bearing member and pivoted segments form the other. 
The segments, or shoes as they are commonly called, 
are mounted in various ways, but in all cases so as to be 
free to tilt both radially and tangentially as required by 
the operating conditions. The number of shoes depends 
upon the size and duty of the bearing. : 
The Kingsbury thrust bearing is so designed as to use 
the principles of fluid lubrication developed by Prof. 
Osborne Reynolds and described under sleeve bearings. 
When the bearing is in operation, the bearing faces are 
separated by the oil film so that there is no metallic con- 
tact. The oil film forms automatically when the bearing 
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begins to turn, and is maintained by movement of the 
bearing. The bearing faces of the shoes take an inclined 
position so that the oil film between the shoes and the collar 
are wedge shaped, the thin end pointing in the direction 
or rotation. 

In a vertical installation, the bearing is usually mounted 
in a pot of oil. Rotation of the collar or runner maintains 
circulation of the oil, thus carrying the heat from the 
wedge shaped film. This heat is then dissipated from the 
outer surface of the container or is carried away through 
cooling coils. ae , 


ROTATING ELEMENT 


STATIONARY 
ELEMENTS 


Fic. 6—PRINCIPAL PARTS OF A KINGSBURY THRUST BEARING 


When the shaft is at-rest, with load on the thrust bear- 
ing, which is the case with vertical shafts, the oil film is 
not present and the coefficient of starting friction is high, 
averaging about .15. At the instance of starting and stop- 
ping, there is some rubbing between the metals but as the 


full area of the shoes bears against the collar or runner, . 


the bearing is able to start without heating. 

The rubbing of the metallic parts lasts about 14 of a 
turn of the shaft, the oil film increasing with the speed. 
In some vertical machines this rubbing can be distinctly 
heard and there is noticeable vibration. 

Horizontal thrust bearings such as are often used in 
steam turbines, are usually arranged for use with pressure 
lubricating systems. 

Established lubrication practice for sleeve bearings ap- 
plies in general for Kingsbury bearings, and the same 
operating caution should be used. For low speeds and 
heavy loads a heavy oil should be used, while for high 
speeds and moderate loads a light oil is preferable. Using 
a heavy oil at high speed increases the power loss in the 
bearing. 


In general, Kingsbury thrust bearings are electrically 


insulated to prevent damage from bearing currents. . 
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HINTS ON ELECTRICAL MAINTENANCE 


Section 10 


STARTING AND SPEED REGULATING 


RHEOSTATS 
FOR DIRECT CURRENT MOTORS 


General ; 

Rheostats are used for starting’ and speed regulation of 
series, shunt and compound wound motors in non-reversing 
service for the operation of fans, blowers, pumps, machine 
tools and similar direct current motor applications, rang- 
ing from 144 to 150 horsepower. 


Cleaning i 3 

To keep rheostats in good operating condition, periodic 
inspection plus cleaning and smoothing the contacts with 
sand-paper is usually all that is needed. The low up-keep 
cost of rheostats is due to such features as magnetic blow- 
out devices, high contact pressures, contacts raised above 
the face plate, rugged moving parts and easy accessibility. 
However, some arcing and burning of contact making 
parts is unavoidable and dressing with a file may be re- 
quired occasionally. Contacts should always be smooth. 
After each treatment with file or sand-paper (emery cloth 
should NOT be used) all parts should be thoroughly 
cleaned, including surfaces between contacts, and con- 
tacts should be very lightly greased. Sometimes cutting 
of the metal is caused by sharp contact edges, or by abra- 
sive matter in the air. If the latter, greasing should be 
omitted. © se . 


Reversing Contacts 


Most types of rheostats have movable and stationary 
contacts which can be turned over and used on the other 
side. This gives the contacts double life, but turning over 
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should be done only when abnormal burning and subse- 
quent dressing with a file has made adjacent contact sur- 
faces uneven. The moving contact must bridge and be in 
firm contact with each adjacent stationary contact. If 
these points are not checked, irregular increments in 
speeds or voltage will be the result. On larger type of 
‘rheostats or those with movable contact of the compen- 
sated ‘type a slight variation between contact surfaces 


will not impair operation. It is generally found advisable - 


when turning over one contact to turn all others at the 
same time.. Oxides form on unused copper surfaces. This 


film should be removed with fine sandpaper and surfaces — 


cleaned before placing rheostat in service. 


Spring Tension 


Firm pressure between contacts should be maintained | 


by proper spring tension to minimize pitting, heating and 
oxidation which aggravates abnormal conditions. The 
recommended moving contact spring pressure for each 


type of rheostat may be checked with a hook spring ~ 


balance, measuring the pull in pounds necessary to sepa- 
rate the contacts. In most cases this is impractical. The 
desired limit on spring adjustments is to provide a pres- 
sure not great enough to injure the surface of either mov- 
ing or stationary contacts, nor to set up a frictional force 
_ preventing resetting of arm on rheostats of the low voltage 
release type. The turns of the spring should not touch 
when compressed. Weak springs should be discarded. 


Resistor Replacement 


Abnormal starting or operating conditions may burn 
out a section of the rheostat resistor. In this case, the 
face plate, together with the resistors, can easily be re- 
moved from the box and the damaged units repaired or 
replaced. If the resistor is of the wire wound Bobbin type, 
covered with a cement coating, a complete new set is rec- 
ommended; if it is a suspension grid type, the burned 
out section should be replaced with one of the same pat- 


tern or style number; if it is a type M edge-wound strap - 


resistor, the break may be bridged with a clamp similar to 
the type furnished with the resistor. In most types of 
rheostats, the field resistors are removable from the re- 
sistor mounting without disconnecting the wiring. 


Magnet Coil 


Practically all starting rheostats of low horsepower rat- 
ing have a magnet coil as part of the low voltage release. 
This coil is connected directly across the line. The release 
is adjusted to hold the operating handle in the last run- 
ing position as long as the voltage is normal. 
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If it is desired to hold the starter in at slightly less than 
normal voltage, the holding power of the coil can be in- 
creased by filing down the little brass pin on the moving 


arm. However, this method should not be carried too. 


far, nor should the operating arm be held in the running 
position by force. It is more economical to install a new 
magnet coil or spring than to take a. chance on harming 
the motor by excessive starting current. ; 

The rheostat should not be used to stop the motor. A 
safety switch or circuit breaker is provided for this purpose. 


Checking Loose Connections 

After a rheostat has been installed and in operation, all 
connections should be checked at least twice to make 
sure they remain tight when subject to heating. Loose 
connections are a considerable source of trouble causing 
many delays and they are difficult to find unless burning 
or failure of some other device occurs. Means of checking 


are limited and in most cases restricted to mechanical in-° 


spection. This should be done periodically. One of the 
best devices for checking rheostats is an Ohm-meter. It 
is convenient, rugged in construction and small in size. 
Ohmic values are indicated on the dial. With this instru- 
ment and a record of normal resistance value, any change 
between two rheostat points can be determined readily. 
From the readings it will be obvious if the circuit is normal 
or not. Incidentally, burned out resistor tubes can be 
traced ‘quickly in this manner. 


Installation ; 

Rheostats should always be mounted so that the venti- 
lating hood is at the top. Air space both above and below 
should be allowed for ventilation. 

Always check underwriters and local building codes for 
any special requirements. : 


Typical Parts Diagram 
The drawing on page 142 shows in detail the parts of a 
typical 25 horsepower starting rheostat. 


Wiring Diagrams 


Typical wiring diagrams for various types and sizes of 
rheostats are shown on the following pages. These are 
grouped as follows: 

Starting Duty only 
- Starting and Speed Regulating Duty by field control 

only Page 144 

Regulating Dut armature 


Regulating Duty—50% speed reduction by armature 
control and 25% increase by field control. ..Page 146 
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TYPICAL 23 HORSEPOWER STARTING RHEOSTAT ,..| _ TYPICAL WIRING DIAGRAM—STARTING DUTY ONLY 














Name of Part 


Pe et 





were TE 


Face Plate Complete 

Contact Arm Complete with Contact. 
Contact with Shunt—Main 
Contact Spring—Main 
Contact without Shunt—Auxiliary 
Contact Spring—Auxiliary 

Stationary Contact 

Stationary Contact Stud 

Stationary Contact Segment 


ee ae 
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Return Spring 
Magnet Core 


Contact Screw 
Bearing Bracket 
Blowout Coil : 


Shaft Assembly 
Type A Contact Finger 
Finger Tip 
Finger Base 
Finger Shunt 
Finger Spring 
Finger Arc Barrier 
Magnet Coil 


OO 143 


142 





F2 
OH. F. 


iad ‘ 
BPNNONNNFPRP RPE NP RP RP RP RRP OWMRP RRP eRe 


Fic. 2—D1acGRAM IS FoR CompouND WounD Motors. For SHUNT- | 
WOUND MOTORS THE SERIES_FIELD COIL IS OMITTED. | 























TYPICAL WIRING DIAGRAM—STARTING AND SPEED 


REGULATING DUTY BY FIELD CONTROL ONLY 


STARTING RES. 
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When used on 275 

volts or over re- 

move connection 

‘From L2 to hold- 

ing coil’and make 

conn. shown dot- 
L2 ted. 


; . Connections shown 
To D.C. in dot dash*—-—” 
Supply are on rear of 
panel. 


Fic. 3—-DIAGRAM IS FoR CoMPOUND Wounp MOTORS. For SHUNT- 
WOUND MOTORS THE SERIES FIELD CoIL IS OMITTED, 








' TYPICAL WIRING DIAGRAM—REGULATING 
DUTY 5072 * SPEED REDUCTION BY ah eT URE 
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Fic. 4—-DIAGRAM IS FOR COMPOUND WounND Morors. For SHuUNT- 
WOUND MOTORS THE SERIES FIELD CoIL 1s OMITTED, 
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50% SPEED REDUCTION BY ARMATURE CONTROL 
AND 25% INCREASE BY FIELD CONTROL 
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Fic. 5—DIAGRAM IS FOR COMPOUND ‘WouND Motors. For SHUNT- 
WOUND MOTORS THE SERIES FIELD CoIL IS OMITTED. 





HINTS ON ELECTRICAL MAINTENANCE 


Section 11 


STARTING AND SPEED REGULATING 
-RHEOSTATS AND CONTROLLERS 


FOR A-C. WOUND ROTOR MOTORS 


General 


Rheostats of the face plate type with self-contained resis- 
tors are used in conjunction with manual or magnetic 
primary control for starting and for speed regulation by 
secondary control of A-C. wound rotor motors ranging from 
% to 25 hp. For reversing service and heavier duty appli- | 
cations Drum or Drum contactor controllers are used with 
separately mounted resistors, the standard drum con- 
troller being used for ratings from 14 to 100 hp. and for the 
heaviest duty applications the drum contactor type is used 
for ratings from 2 to 300 hp. | 


Maintenance Requirements 


Special attention should be given to the maintenance of 
the secondary control of wound rotor motors, particularly 
those used in speed regulating service, since in a large per- 
centage of applications it is possible for faults to develop 
through normal wear without causing either immediate 
shutdown or failure to start. A similar fault in the primary 
circuit would force immediate correction of the trouble. 


Since the motor will continue to start and operate even 
though an actual open circuit or serious unbalance of re- 
sistance may exist in the secondary circuit at certain 
points on the controller, it is not always understood or ap- 
preciated that this condition may result in (1) roasting out 
of the rotor windings, (2) burning of brushes and collector 
rings, (3) overheating of resistors. 


Also, undue stress on the equipment may be produced 


" when smooth steps of acceleration provided by control are 
lost by poor or no contact at certain points on controller. 
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Such conditions may develop without the operator either 
noting or reporting any difficulty until serious breakdown 
occurs, when it will be recalled that they ‘did have to 
notch the controller up a step” or that “it has jumped a 
bit on that point.” 

A definite and regular inspection schedule is essential, 
not only for these reasons, but also because this class of 
apparatus is of such rugged design and construction that 
it requires a minimum of attention and may therefore be 
neglected. 


General Maintenance 


To insure against service interruptions and keep all 
types of secondary controllers in good operating condition 
requires only regular inspection and cleaning and the main- 
taining of contacts. Some arcing and burning of contact 
making parts is unavoidable and these should be kept 
smooth to insure positive low resistance contact at all 


times. Sandpapering or occasional dressing with a filemay : 


be necessary. The contacts should be lightly lubricated 
with vaseline after dressing and cleaning. 


Resistors can be readily checked for continuity by test- 


ing across rheostat contacts or controller fingers or pref- . 


erably by raising brushes at the motor collector rings and 
connecting test lamp, ohmmieter or other available testing 
equipment across brushholders or outgoing leads and 
moving the secondary controller through its full sequence 
step by step. If repeated across each phase this will verity 
both continuity of resistors and tap connections as well as 
indicating any open contacts in controller. However, since 
the values of secondary resistance are relatively low, actual 
measurements of resistance values on each step are not 
possible with equipment available in many plants and in 
these cases more careful visual inspection must be made to 
locate and correct any loose connections or low pressure 
contacts. Tap connections on grid type resistors, if found 
movable by hand or showing evidence of heating, should 
be removed, cleaned, replaced and pressure of contact in- 
creased by taking up on the pressure nuts at the ends of 
the grid assembly. On ribbon wound resistors the clamp 
type connections should be tightened if not solid. 


New Installations | 


On new installations, at least two inspections should be 
made at short intervals after placing in service to insure 


that all contacts remain tight after heating and cooling of . 


resistors in service. Since a large amount of heat energy is 
liberated from resistors, equipment must be located to al- 
low adequate air space and ventilation. Underwriters and 
local building code requirements should be followed. — 
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Face Plate Types 
Typical assembly parts list and wiring diagram are 


~ shown below and on pages 150 and 151. Rheostats for start- 


ing duty only are provided with a return spring and latch 
in the full speed position so the arm cannot be left on inter- 
mediate positions. When inspected, these types should be 
checked to see that the arm returns freely to the start posi- 
tion except when latched, since if operated at intermediate 
positions, resistors will be overloaded. 

Rheostats for speed regulating duty are designed for 
continuous operation on any step and the return spring 
and latch are omitted. 

Most of these types are designed with reversible station- 
ary contacts which may be turned over when they become 


worn or burned. When turning over, all surfaces should be 


dressed to remove oxide and insure positive contact. Sur- 
face level of adjacent contacts should be checked to insure 3 
that moving contact will bridge with firm pressure on each 
stationary contact. 


TYPICAL FACE PLATE CONTROLLER AND PARTS- 
LIST 14 TO 25 HP. 
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TYPICAL FACE PLATE CONTROLLER AND ae TYPICAL WIRING DIAGRAM FACE PLATE CON- 
| LIST 14 TO 25 HP. (Cont'd) eer TROLLER 4 TO 25 HP. 


Face PLATE | (Freon 7 _ViEW) 
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Name of Part 


Face Plate Complete 
Contact Arm Complete 
with Contacts 


Main AConiech at Connect faites leads 18 the re- 

ili | sistor to similarly marked points on 
Re oueten Conae. the face plate except R1I-R21-R41 
Auxiliary Contact | which are common on the resistor. 





IStebonsee Contant | ELEMENTARY CONTROLLER DIAGRAM 
{Stationary Contact Stud 
Contact Segment— SECONORRY CONNECTIONS 
Contact Segment— 
- Inner 
Stationary Contact But- 
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Drum Controllers 


A typical view and diagram is shown below. (See Fig. 
5 and 6). The finger support assembly may be readily 
removed by taking out two bolts to permit convenient 
dressing of contact tips. 


Two types of drum assembly are used. Lower ratings 
have contact supporting discs assembled on an insulated 
steel shaft between insulating collars, with the reversible 
contacts bolted directly to the supporting discs. Larger 
ratings, 150 to 300 ampere sizes, have heavy curved copper 
segment plates supported by moulded insulating supports 
bolted to steel shaft. On these types the upper and:lower 
segments have the same shape to permit interchange and 
reversal. All drum segments on all types are reversible so 
that the old trailing edge becomes the leading edge when 


turned 180 degrees. This not only provides double life but 


offers material advantage in simplifying maintenance. 


Fingers should be adjusted so that they will drop not 
more than 4g” below the surface of the drum contacts. 
pees, star wheel and pawl should be regularly cleaned 
and oiled. 


CONTACT SUPPORT RING, DRUM CONTACT, 
FINGER AND FINGER BASE 


Most of the contacts 
are reversible. 


Renewable finger tip. 


Lock nut and washers. 


Adjust finger here to : 
drop not more than = Contact segment 


Wg” below surface. of @ ting support 


drum contact. 
5 4” holt with 


Spring Is removable 7 hexagon nut 


3 | Individual are 
36” Tap bolt. >- barrier for 
q each finger. 


TYPICAL WIRING DIAGRAM FOR DRUM 
CONTROLLER 
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Resistor Connections: Read the instruction card which ts 


attached to the resistors. The connections shown tn these 
diagrams are for starting motor with one phase of its second- 
ary open on the first point of the controller, When higher 
starting torque 1s desired, or when connecting motors rated 
above 80 H.P., connect R1 to R11 at the resistor and finger 
marked R1 on controller to terminal R3 on resistors. Re- 
sistor steps R5 to R6, R15 to R16 and R25 to R26 are for 
resistance which remains permanently in the circuit. When 
these are not supplied, connect M1, M2 and M3 to R5, R15, 
and R25 as indicated by the dotted lines. | 





















































Drum Contactor Controllers 


_ This type, which is designed for the most severe operat- 
ing conditions, consists of a series of contactors which are 
closed by cams on the operating shaft and open by positive 
spring pressure. The contacts are the same as used on 
corresponding sizes of magnetic contactors and are of the 
well known roiling type. This rolling action limits all 
arcing and burning to the contact tips where current is 
carried only momentarily, leaving the actual current carry- 
ing contact surfaces in perfect condition. Contacts need 
replacement only when so burned that little or no rolling 
action is left. When installing new contacts they should 
be adjusted so that the proper rolling action is obtained. 


Fic. 7—Vizw SHOWING MovVING AND STATIONARY CONTACT ELEMENTS. 


RESISTORS 


If properly applied and if the connections are maintained 
tight, no further service should be required. Any excessive 
overheating should be checked to determine if it is caused 
by open or unbalance from control or motor. On new in- 
stallations, duty cycle and service should be checked 
against resistor class to verify proper application, since 
all have definite application and limitations. For example, 
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N. E. M.A. Class 114 is for starting duty only and on basis 
that motor should be started and brought up to speed in 
approximately five seconds with a minimum of seventy- 
five seconds between successive starts. 


Both the A.E.S. now obsolete, and the present day 
standard N.E.M.A. Classifications of resistors are given in 
the tables on Pages 157 and 158. 

In variable speed applications, the speed obtained is 
dependent upon the load. If the required speed reduction 
is not obtained the motor is probably underloaded and the 
load must be increased or else additional resistors provided 
to give the desired speed. 


RI Te Re A 


R5_ R4 R3 


Fic. 8—RESISTOR CONNECTIONS 


Resistors for A-C. Motors 


All standard A-C. wound rotor motors, whether for © 
two or three phase circuits, have their secondaries wound 
for three phase. The resistors for each phase, used with 
these motors are identical with the exception of the termi- 
nal marking. The resistor for the first phase has its termi- 
nals marked consecutively R-1, R-2, R-3, etc.; the second 
phase, R-11, R-12, R-13, etc.; the third phase, R-21, R-22, 
R-23, etc. The actual resistor will consist of 12 2,3;-or 
multiples of three frames of tubes or grids. Check name- 
plate to see if all frames have been received. When two 
frames are furnished, they should be connected in series 
by connecting terminals A to A. When three frames are 
furnished, this connection is not required. When more 
than three-frames are supplied, sort out the frames for 
each phase according to the terminal marking, and con- 
nect those frames belonging to each phase by connecting 
A to A, B to B, etc. Make all other connections in line 
with the following information and the diagram located 
in controller cover. ee 











Secondary resistors for A-C. motors are designed for 
star connection. Resistors for most manual controllers 
may be connected with all three secondary phases closed 
or with one secondary phase open on the first point of the 
controller. Resistors for magnetic controllers are con- 
nected with all three phases closed in the secondary on 
the first point. 


The torque obtained. with a resistor of a given class 
number varies with the connection used on the first point 
of the controller. The torques available on the first point 
with single phase and three phase starting are shown in 
Table 2, page 158. Whereit is possible to use both methods 
of connection, the control diagram shows one method of 
connection, and explains how to obtain the other method. 
The method actually shown on the diagram is ordinarily 
recommended, but if a change in starting torque is desir- 
able, the other method may be used. 


15 Sec. 
on out of | Cont. 


30 Sec. 








15 Sec 
on out of 
45 Sec 





15 Sec 
on out of 
60 Sec 





General Information 


The capacity of resistors depends largely upon the 
ventilating space. The frames should never be stacked 
more than 4 high, and, when space is available, each frame 
should be separated from the next by approximately the 
width of the end frame. Frames may be mounted on the 
floor, platform or on the wall, but in such a way as to ob- 
tain free ventilation. 3 


Resistors should be given periodical inspections, that 
include the tightening of loose lock nuts, connections, etc. 
The collection of dirt and dust should be blown out from 
between the resistor units. 


RESISTOR CLASS NUMBER 


15 Sec 
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90 Sec 
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N. E. M. A. CLASSIFICATION* 
10 Sec 
on out of 
80 Sec 
ditional step for dynamic braking. 


50 
70 
{This refers to the connections of the rotor circuit. 


Motors 
3 Ph. 
Stg.f | Stg.T 
25 


Wound 
Rotor 
Induction 


1:Ph: 
15 
30 
40 


25 
50 
70 
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dditional capacity for dynamic lowering. 


12 
40 
60 


SIOJOY 
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house Motors. 


n this tabulation are more nearly in accord with actual practice than those in the older A:E.S. Classification. 
The letter D indicates a 
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HINTS ON ELECTRICAL MAINTENANCE 


: Section 12 Kies 


STARTERS FOR A-C. SQUIRREL 
CAGE INDUCTION MOTORS 


GENERAL 


Starting equipment for squirrel cage A.C. motors 
may be divided into the following general types. | 


ALN 
ONILVINDAY 
SQONNILNOD 


Heavy-2 

Minutes © 

on out of 
4 Min 


INTERMITTENT 
REGULATING DuTY 


Light-1 
Minute 
on out of 
4 Min 





Manual Starters 

- Manual Starters are available up to about 5 HP 
-at 550 volts, 3 phase. These starters are used to 
connect small motors directly to the line. The oil 
immersed drum type is used extensively wherever 
the air may become charged with corrosive gases or 
highly inflammable particles of dust or lint, such as 
encountered in textile mills, flour mills, woodwork- 
ing plants, etc. The drum type is frequently made 
for reversing service, and also for smaller multi- 
speed squirrel cage motors. 


RESISTOR CLASS NUMBER 


on out of 
4 Min. 


Heavy-30 
Seconds 





STARTING Duty 
designed for varying torque applications where the horse- — 


Light-15 
Seconds 

on out of 
4 Min 


TABLE 2 
Stg. 
dicates additional capacity for dynamic lowering. 


Induc- 
tion 
Motors 


Magnetic Linestarters 


Magneitc linestarters are suitable over a wide 
horsepower-voltage range. Linestarters are used 
where the design of the motor and the capacity of 
the circuit permit, and where the advantages of 
simplicity and remote control are desired. They 
may also be used as primary switches for wound 
rotor motors in combination with suitable second- 
ary controllers. 


Reduced Voltage Starters 


Reduced voltage starters, both manual and auto- 
matic, range in general from 5 to 200 HP at volt- 
ages from 220 to 2200. Using circuit breakers this 
type is built up to approximately 1500 HP at 6600 © 
volts. Reduced voltage starters of the auto-trans- 
former type find extensive application where the 
size or design of the motor or restrictions of the. 
supply circuit. require starting on reduced voltage. 
The auto-transformer type starter provides greater 
starting torque per ampere starting current drawn 
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from the line than any other type of reduced voltage 
motor starter. 


Resistance Type Starters 


Resistance type starters are sometimes applied on 
network distribution systems where power companies’ 
regulations require that the circuit be not:opened during 
the transition from reduced voltage to full voltage. 
They are particularly desirable to avoid sudden mechani- 
cal shock to the driven load. 


CONNECTIONS OF DRUM CONTROLLERS 
FOR TWO-SPEED MOTOR | 
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TYPICAL LINESTARTER CONNECTIONS 


To AC. Supply 


Bock | 22 73 Ne. } 
Front To Motor 
Free 


Push Button Station 
Stop Start 


3 372. | SCHEME NO. 1: 
3— Pah 1 1 ¢ 3-Wire push button; 
itt ST ‘low voltage protec- 
: ti 


00. 
FIG=2 


NOTE—The starter 1s wired with built-in start and 
stop button per Fig. 1. When it is desired to have an ad- 
ditional remote start and stop push button, remove the 
lead at terminal 3 and reconnect it at terminal 2. Then 
connect the push button terminals, Fig. 2, to similarly 
marked terminals on the starter, Fig. 1. 
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CLASS 10,700 TYPE A AUTO-STARTER 
With Thermal Overload Relay | 
Motor 
77 '%, Te 


Low Over. 
Voltage Load 
Coil Trip 


Transformer Transformer 


3-PHASE WIRING DIAGRAM 
While 3-phase auto-starters are designed to start 3-phase 
motors and 2-phase auto-starters to start 2-phase motors, a 
2-phase auto-starter may be used to start a 3-phase motor. 
To do this connect L3 to L4 and T3 to T4. Then connect 
the line to L1-L3-L2 and the motor to T1-T3-T2. 


REDUCED VOLTAGE STARTER DIAGRAM 
FOR OIL CIRCUIT BREAKER > 


For Voltages 
gelow gene oie 


Type HF Auto Starter 
equipped with OL. & LY. Coils 
To Motor @’rhree Auto. Trans. 


: Diagram of Connections for Type MF 
Motor Starting Circuit Breakers 
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Reduced Voltage Starter Diagram 
for Oil Circuit Breaker—(Continued) 


Line 3 PRT Bkr 3 PSE Bkr 


Running Magnetizing Starting 


Auto 
Trans 


Diagram of Connections for 3-phase Motor 
Starting, Using Two Circuit Breakers and 
Two Autio- POTS 


“TYPICAL DIAGRAM FOR A CLASS 11-400 
RESISTANCE STARTER 


Stare Stop 
Scheme */ YZ 8 , 
BWire push but- 
ton low voltage 
protection 


Scheme *2 


- 2@Wire push but- Stark Sto 
ton or oa 2wire Ls pe 9 OL 42_ 
master sw. [ow 


voltage release. 
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GENERAL RULES 


On all of these types, the following general considera- 


tions must always be observed. 

1. Before removing cover to inspect or adjust starter 
make sure that disconnecting switch is open and control 
circuit dead. 

2. Remember thal all parts must be kept dry and 
clean. ‘This is of fundamental importance. 

3. Inspection should be made at regular intervals 
for best results. In general, monthly inspections will be 
sufficient, though in particularly severe service it may be 
desirable to inspect oftener. 


MAINTENANCE OF MANUAL STARTERS 


On the types employing a toggle switch with a quick 
make and quick break, there is practically no mainte- 
nance except to check tightness of connections and be 
sure that heaters for overload relay are tight. 

On the oil immersed drum type, it is well to: 

1. Check all connections. 

2. Observe wear on removable contact tips and 

replace when 24 worn away. 

3.. Replace oil when it becomes dirty or badly car- 

bonized. 

4. See that all parts are clean and move freely. | 


MAINTENANCE OF MAGNETIC LIN ESTARTERS 


1. Do not lubricate contact tips or bearings. 
2. Magnet sealing surfaces should occasionally be 


wiped with an oil-moistened cloth to prevent 


noise and rust. 

Check tightness of all connections, and particu- 
larly connections to’ overload heaters, since a 
loose connection here will cause local heating 
that will affect the calibration of the relay. 

Make sure that shunts are not. broken or touch- 
ing other parts. 


Contacts should be adjusted so that they will | 


all make at the same time. 
In general, the contacts will not need attention 
during normal life. If they become excessively 
rough or burned in service, they should be dressed 
with Sandpaper or a fine file. Do not use emery 
. cloth. Contact tips should be replaced when ap- 
proximately 24 of their thickness is worn away. 
These are removable, and only a screw driver is 
needed for the change. 
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Any excess deposits should be removed from 
the inside surfaces of the arc boxes adjacent to 
the contacts, and any broken arc boxes should 
be replaced. 

See that all moving parts work freely. 


Disconnect motor and manually test the start 
button, the stop button, the overload relay and 
reset. 


Most industrial linestarters are provided with 
- overload relays whose action depends on the 
movement of a bi-metallic strip under heat. On 
very small motors the bi-metallic strip actually 
carries the motor current, but, on larger ones a 
separate heater carrying the motor current is 
placed close to the strip. On still larger motors 


a current transformer reduced the motor current 
to a value that can be handled by the heater. 


THERMAL OVERLOAD RELAYS 


These thermal relays have the inverse time limit 
feature which means the greater the overload, the shorter 
the time of tripping. They provide excellent protection 
against overloads and momentary surges but do not 
protect against short circuit currents. For protection 
against the Jatter, fuses not exceeding four times the 
motor full load current, time limit circuit breakers set 


- at not more than four times the motor full load current, 


or instantaneous trip circuit breakers should be installed 
ahead of the linestarter. Where fuses are used it is good 
practice to use a disconnecting switch as well. 


In Section 7, page 100, appears a table that includes 
data on selecting switches, fuses and circuit breakers for 
motor circuits. 


Heaters for thermal relays are niede with different 
current ratings, so that within its limits any starter 
can be used with different size motors and still afford 
proper protection by selecting the size of heater that 
corresponds to the full load current of the motor being 
used. Tables showing the ampere rating of heaters 
can be obtained from the manufacturer. In general, 
the ampere rating of the heater should be approximately 
120% of the motor full load current. 


A further adjustment is possible by means of a cali- 
bration lever on some types of relays. When set at 100% 
the current stamped on the heater will just trip the 
starter after several minutes. For tripping at a smaller 
current move the lever toward 90; at a larger current 
toward 120. , 
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MAINTENANCE OF REDUCED VOLTAGE 
STARTERS 


The maintenance requirements listed under line- 
starters apply also to reduced voltage starters com- 


' monly known as auto starters. In addition the fol- 


lowing points should also be checked. 


Ie 


The moving part of the low voltage release mecha- 
nism should be carefully examined to see that it 
works freely. — : 


Many of these starters use an overload relay 
if the magnetic type having an oil-dash pot to 
prevent tripping on momentary overloads. Care 
must be taken to see that the piston is not binding 
in the dash pot and that the dash pot is filled to 
cover the piston with the proper grade of dash 
pot oil. This oil is designated as style No. 229296 
(Westinghouse) and is specially refined to have a 
flat viscosity-temperature curve. 


The setting of the overload relay should be checked 
and should be at least 125% full load motor cur- 


rent. Read the setting where the calibration line 


on the dash pot coincides with the bottom of 
projection on the upper casting. | 


Above 35 HP at 25 cycles and above 50 HP at 
60 cycles, and above. 550 volts it is customary to 
use insulating oil in the pan so that contacts will 
make and break under oil. The pan should be 
filled with oil to the oil level mark. If the oil 
becomes badly discolored or carbonized from 


service, it should be replaced with new oil after 


carefully cleaning the pan. 


In automatic starters of this type a definite time 
relay is used to control the time on the starting 
tap. The timing of this relay should be checked, 
and, if a type using an oil dash pot is employed, 
care must be taken to see that it is filled with oil. 
This is a. very. light special oil known as style 
No. 460281 (Westinghouse), with low pour test 
suitable for low temperatures. 


The starting transformers are provided with 
taps by which the starting voltage can be varied. 
The proper taps to use are those that will bring 
the motor up to speed in 20 seconds or less on 
motors up to 100 HP. On. 200 HP motors the 
starting period may be 30 seconds. Times longer 
than these may seriously overheat the transformer. 
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MAINTENANCE OF RESISTANCE TYPE 
~ STARTERS 


Since practically all starters of the resistance type 
employ drum type controllers in the smaller sizes and 
contactors in the larger, the maintenance requirements 
are covered by the preceding sections. They are called 
resistance type, because resistance inserted in the pri- 
mary circuit is cut out gradually by the starter as the 
motor comes up to speed. They are usually designed 
to short circuit the resistor in from one to ten seconds 
and for starting not more than once every 80 seconds. 


See also the paragraphs on resistors in Section. ATs 


- RENEWAL PARTS 


Good maintenance demands a stock of renewal parts 
on hand so that they are available when needed. This 
is especially true where the service is severe. It is well 
to have stationary and movable contacts, magnet coils 
and shunts. On auto starters a spare auto transformer 
sometimes comes in mighty handy. The comparatively 
small cost of these parts is so much less than the delay 
and loss of production ordinarily caused by a shutdown 
that they represent very desirableinsurance. = 
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HINTS ON ELECTRICAL MAINTENANCE 


Section 13 


CONTACTORS 


Readers of Maintenance Hinis may wonder why we-are — 


‘publishing a special section on Maintenance of Contactors. 
Speaking conservatively, there are several million contactors 


in daily use. Actual figures on the maintenance of contactors — 


are hard to get because tt 1s seldom that any accurate record 
1s kept. ; : 

Maintenance 1s very simple for plants using contactors 
that operate rarely. At.the other extreme are contactors which 
are used on heavy production work such as welding applica- 
tions where the maintenance 1s so high that the contactor 


must be replaced either piecemeal or all at once at least twice 


@ year. 
It is interesting in this connection that the electromc tube 


has proved ttself in the field of contactors used tn resistance 
welding operations. These ignitron tube contactors, trade - 


name Weld-O-Trol, have no moving parts to wear out. They 
give accurate and instantaneous interruption. They have 
been purchased tn large quantities by the automotive indusiry 
where excessive. maintenance on conventional contactors 
serving heavy duty applications with very frequent operation 
 tustafies their purchase price. a 


INSPECTION 
Obviously no general rule can be given for frequency of 
inspection. Some contactors have to be inspected every 
day. A regular schedule should be arranged so that all 


contactors in actual service are gone over at least once a — 


month. Add to this as equally important, an adequate 
stock of renewal parts. 
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Many old style contactors with horizontal pull on the 
magnets give trouble under extreme conditions, such as 
vibration from accidental closing. Replacement. with - 
modern contactors having vertical lift solenoid mecha- 
nisms will often pay dividends in reduced maintenance, 


as well as in safety. 


Quoting from subject No. 1 of Maintenance Hints. 
“The first requirement in the satisfactory maintenance of 
electrical apparatus is competent inspection.” This is 
probably as good an introduction as can be found for any 
subject dealing with maintenance. Competent inspection 
means knowing the function and the physical relation of 
every part of the piece of apparatus with reference to each 
other and the whole, therefore, it becomes necessary for 
intelligent maintenance, to follow carefully the manu- 
facturers’ instruction leaflets or instruction books applying 
to any particular piece of apparatus. 

Contactors are applied in control as well as power cir- 
cuits, singly and in groups, with load currents on the main 
contacts ranging from fractions of an ampere to thousands 
of amperes, but whatever the application, the maintenance 
in general is the same with the exception of frequency of 
attention. 

DIRECT-CURRENT CONTACTORS 

Thesr contactors are equipped with or without magnetic 
blow out coils, depending on the circuit application. In 
general, all wearing parts are made of steel or bronze and 
all metallic parts are treated in some manner in order to 
prevent corrosion. Arc shields are made of moulded heat- 
resisting compounds and are so arranged that they can be 


removed or rotated out of the way in order to inspect the 


main contacts. Some contactors are equipped (here again 
the application is the determining factor) with arc splitters 
for quickly cooling, lengthening and rupturing the arc. 
The main contacts are in general made of copper (some 
special applications use silver or other materials as dictated 
by the application) and close with a rolling movement 
combined with a wiping action which insures good contact — 
and confines the arcing with resultant burning to the tips 
of the contacts. Conventional contactors are spring loaded 























to insure positive contact pressure and to accelerate the we : | TABLE 1 
opening of the contacts. ; : | 
) RANGE OF CONTACT PRESSURE TO BE MAIN-— 


Maintenance 


























The use of a lubricant on the contacts or bearings of a 
contactor is to be avoided. Oil quickly collects dust and 
unless parts are frequently cleaned, will interfere with the 
operation of the contactor. Oily surfaces that collect dust 
may also result in an arc between live parts of the con 
tactor. , | 
_ Flexible braided copper shunts are designed to give 

complete freedom to the moving armature with sufficient 
current carrying capacity. Burned or badly corroded 
shunts should be replaced promptly. 

The contacts normally wear to give the best contact 
surface without any attention. The roughened appearance 
of the contacts is no indication that good contact is not 
being obtained, but of course any little globules of copper 
that prevent the contacts from seating should be dressed 
OFF. When the contact surfaces are burned to such an 
extent that the current carrying surfaces are materially 
affected, they should be replaced. | 
Check Contact Pressure to Avoid Excessive Heating 

Contact pressures can be checked to insure they are as 
required by the manufacturer, by the use of a spring balance 


as follows: Insert a piece of tissue paper between the. 


mechanically tightly closed contacts. Fasten one end of 
the spring balance to the mounting screw of the moving 
contact tip and read in pounds the pull required to loosen 


the paper between the contact tips. In case the contact. 


pressure is below the minimum value required, install a 
new spring. Low spring pressure should be guarded 
against to avoid excessive heating of the contacts. Ex- 
cessive heating increases the resistance which may cause 
stifficient arcing to weld the contacts together. 


There is probably no general rule applicable to contact: 


pressure of a contactor. The manufacturer’s recommenda- 
tions should be followed. Table I (page 17) shows the range 
of contact pressure which should be maintained on various 


A-C. and D-C. contactors widely used. This information . 


will give a general idea for other contactors of similar types. 
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TAINED ON TYPICAL WESTINGHOUSE 
CONTACTORS 


Type of : . 

Contactor No. Poles GPty 
30-C 3A 
40-C 6-714 
50-C 12-14 
62-C 18-22 
72-C3 32-36 © 
82—C3 47-52 


101-5M 6-8 
102-SM 9-12 
104-SM 20-25 
108-SM 20-25 


35-F 3-314 
45-F 6-1% 
55-F 42-14 
62-F 18-22 


35-F 3-314 
45-F 6-7% 
55-F 12-14 


37-F 3-3% 
47-F 6-7% 
57-F 12-14 
67-F 24-26 


* Contact Pressure at heel of contact tip measured in pounds. 


mnintin WWW NNNN PrP NNN RR Re 


The contact gap should be maintained in accordance 
with the manufacturer’s instruction. The gap is meas- 
ured at the heel of the contact with the contactor in the 
full open position. Too great a gap may prevent the con- 
tactor from picking up or closing on the minimum voltage 
for which the operating coil is designed. It is important 
to check this gap on contactors which have been in service 
long enough to require frequent rebuilding. ae 

- Arc shields-should always be down so that the arc-is. 
broken within the field of the blow out coil, otherwise the 
shield will not give satisfactory results. Pe ee 

Arc shields should be renewed before the moulded ma- 
terial is burned away sufficiently to expose the metal 
parts to the arc. 
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The sealing surfaces of the magnet core and armature 
should be kept clean to insure proper contact. The mov- 
ing armature on its hinge pin is so arranged in most de- 
signs that it is self-aligning. Excessive wear or damage to 
the mechanism may make it necessary to replace worn or 


damaged parts to obtain proper alignment. Often removal | 


of high spots on the contact surfaces of the moving and 


stationary armatures by filing, will remedy improper 


alignment. 


Operating coils are designed to operate the contactor 
successfully with a voltage that varies from 80 per cent to 
110 per cent of the normal rated voltage of the coil. All 
connections to the coil should be kept clean and tight. 


Auxiliary contacts, if there be any, should be checked 
to insure that they have the correct travel, correct pres- 
sure, the contact surfaces are clean and that all connections 
to the auxiliary contacts are clean and tight. 


Failure to close may be due to one of the following: 

1—Operating coil may be open circuited. 

2—Lead wires to operating coil may be loose or dis- 
connected. 

3—Excessive mechanical friction. 

4— Power off or voltage below normal. 


Failure to open may be due to: 

1—Mechanical interference or friction. 

2—Welded contacts. 

3—Broken contact spring. 

Adequate maintenance requires that sufficient renewal 
parts be carried in stock to replace broken or worn parts 
when required. | 


2 ALTERNATING CURRENT CONTACTORS 


One of the principal and, without doubt, the most 
interesting differences between the conventional A-C. 
contactor with magnetic blow out coil and the modern 
A-C. contactor, is the De-ion arc quencher. De-ion arc 
queriching action confines, divides and extinguishes the 


arc almost instantaneously as the circuit is broken. The 
~ usual flash and scattering of flame outside the arc ss is - 


done away with. 
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moved for inspection of the contacts. 


O_tp METHOD ze NEw METHOD 
Arc QUENCHING By MoDERN DE-ION METHOD. 


How this is accomplished is shown by the sketches. 
De-ion action not only stretches the arc, as by old method, 
but confines and quenches it. As the specially shaped con- 
tacts separate, a magnetic reaction occurs that forces the 
two stretching arcs to join across the stationary contacts. 
Here it rises immediately into the De-ion grids where it is 
‘‘ Jiced” into a series of arcs. At the next zero point on the 
current cycle, the air adjacent to each grid is de-ionized 
instantly, the voltage per grid is insufficient to re-establish 
the current flow, and the arc is “out.”’ 

Safety is thus assured and higher overload capacity 
made possible. Pitting and burning of contacts and arc 
box is greatly reduced and longer, trouble-free life pro- 
vided than ever before considered possible. 

The arc quencher is assembled over the contacts in 
much the same manner as the magnetic blow out coils and 
arc shields on the conventional contactor and is easily re- 

Another difference is that shading coils are used in the 
face of the stationary core of A-C. contactors to reduce 
the magnetic hum. 


Why is a Shading Coil Used? 


Ina single-phase, alternating-current magnet without 
some modifying feature, the pull is proportional at all 
times to the instantaneous value of the exciting current 
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and reaches zero twice every cycle. The result is that the 


magnet starts to open every time the pull reaches zero. _ 


The mass of the moving part is usually large enough to 
prevent complete opening during this small interval of 
time, but there is enough movement to cause severe 
chattering and noise. : 

In a polyphase magnet the pull is continuous since the 
voltages impressed upon separate phases overlap each 
other. 3 | 

To produce a relatively quiet single-phase magnet then, 
the problem is to obtain the equivalent of polyphase 
conditions. This is accomplished by the use of a shading 
coil or short-circuited winding placed around part of the 


polé face: The current induced in this shading coil pro-_ 


- duces a flux in that part of the magnetic circuit surrounded 
by the shading coil which is out of phase with the main 
flux. The combination of these two fluxes produces a pull 
which never reaches zero. : | a 


; 


Maintenance a 

The information just given for D-C. contactors applies 
to A-C. contactors as well. However, due to the possible 
hom in the magnet it is imperative /that the surfaces of 
the moving and stationary armatures be in the best pos- 


sible alignment. -)~ we | 

If the humming should~become excessive, check the 
- following: (1) The sealing surfaces of the magnet may be 
corroded, thus keeping the magnet from sealing perfectly. 
(2) The mechanical parts of the magnet surface may be 
so“distortedthat the moving armature cannot find a 
square seat. Check this by closing the contactor electri- 
cally after placing a sheet of tissue paper between the sur- 
faces. (3) The voltage m e low. (4) The shading coil 
may be broken. (5) Spring pressure may be high. 


OIL IMMERSED CONTACTORS | 
The tanks of oil immersed contactors. should be kept 
filled to the proper level. Use WEMCO “C”’ oil or equiva- 
lent and see that itiskept dry andclean. 


In general, oil immersed contactors should have the. 


same attention as oil circuit breakers of comparable volt- 
age. N | 
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HINTS ON ELECTRICAL MAINTENANCE 
Section 14 


TRANSFORMERS 


RANSFORMERS require less care and attention. 

than almost any other kind of electrical power ap-: 
paratus. This, however, is not a reason for neglecting 
them. The conditions under which they operate will 
determine to some extent the frequency with which they 
should be inspected. A regular program of inspection 
should be established and rigidly carried out. 


The oil should be tested for dielectric strength and 
the presence of sludge. If there is an indication of mois- 
ture or sludge formation, the oil should be tested further 
and treated as described later, or in the manufacturer’s 
instruction book. If tests show the oil to be in bad con- 
dition, an inspection should be made on the inside of 
the tank for possible cause of the trouble. However, if 
the oil tests satisfactorily the case should not be opened 
but a careful inspection of all accessories should be made 
to see that they are functioning properly. - 


~ Any symptoms such as unusual noises, high or low 


i levels, rupturing of relief diaphragm, etc., should be 


investigated at once. 


Any increase in operating temperature at normal load 
should be investigated and if the cause cannot be deter-. 
mined the transformer should be taken out of service 
and given a thorough inspection. ee 


Transformers which have been subjected to unusually 
severe operating conditions such as overloads, or fre- 
quent short circuits, and special units such as furnace 
transformers, should be inspected internally at least 
once a year. This can usually be done adequately by 
lowering the oil level and inspecting with a light through 


the manhole. 


PRECAUTIONS 


When working about a transformer particular care 
must be taken in handling all tools and other loose 
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articles, since material dropped into the windings and 
allowed to remain may cause a breakdown. 


Do not take a chance. Play safe. Do not assume that 
a transformer is de-energized (dead). Make sure break- 
er or switch is open before doing work. After work is 


~ completed, make sure all is clear before energizing. - 


YOUR OWN LIFE AND THE LIVES OF OTHERS 
MAY DEPEND ON THIS. 


THERMOMETERS 


Since mercury is a metallic substance, thermometers 
of the mercurial type should not be used inside of trans- 


_ formers or in any position where they might cause insu- 


lation failures by reason of their presence, intact or 
broken. Alcohol thermometers are recommended in those 
cases where winding temperatures are to be determined 
by the thermometer method. 


GROUNDING TRANSFORMER TANK 


The tank of every power transformer should be ground- 
ed to eliminate the possibility of obtaining static shocks 
from it or being injured by accidental grounding of 
winding to case. A grounding lug is provided on the 
base of the transformer for the purpose of grounding 
the case and fittings. : 


OIL 


_In transformers the oil provides an electrical insulating 
medium which also carries the heat away from the wind- 
ings. ‘The insulating oil is just as much a part of the 
apparatus in which it is used as any of the other materials 
which are built into the apparatus. ' : | 


The oil used with a transformer should be either tha 
originally supplied or an oil specifically approved by the 
manufacturer. The primary requirements are: 


(1) High dielectric strength. 
(2) Freedom from inorganic acid, alkali and corrosive 


sulphur to prevent injury to insulation or con-. 


ductors. 
(3) Low viscosity to provide good heat transfer. 
(4) Good resistance to emulsion so that the oil will 
throw down any moisture entering the apparatus 
_ instead of holding it in suspension. (Water in 
suspension is a menace to safe operation.) 
(5) Freedom from sludging under normal operating 
conditions. | 
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(0°20) 230 40-50" 60. 70 - 80 
Waler-Parts per Million by Volume 


Dielectric-Strength in Kv. 01 inch Gap between | inch discs 


Fic, 1—RELATION BETWEEN DIELECTRIC STRENGTH AND 
AMOUNT OF WATER IN INSULATING OIL 


The principal causes of deterioration of insulating 


- oil in service are water and oxidation. The oil may be 


exposed to moisture through condensation from moist 
air due to breathing of the transformer, especially when 
the transformer is not continuously in service. The moist 
air drawn into the transformer condenses moisture on 
the surface of the oil and on the inside of the tank. 


Oxidation causes sludging, the amount of sludgeformed ~ 
in a giyen oil being dependent upon the temperature 
and the time of exposure of the oil to the air. Excessive 
temperatures may cause sludging of any transformer oil. 


Few maintenance men realize how a minute quantity 
of water will spoil the insulating qualities of oil. The 
curve shows that a fraction of a teaspoonfull of water 
in a barrel of oil will make it necessary to retreat the oil. 


DISTRIBUTION TRANSFORMERS 


_ Very little maintenance is required for small distribu- 
tion transformers but the larger units should have the 
same attention as power transformers. 


Small distribution transformers built some years ago, 
usually fail from lightning, overload or bushing break- 
own. . | 


Maintenance of bushings has been simplified by the 
development of a new line of replacement high voltage 















































ings. Most old transformers have the bushings 

Berea into the tank, making the removal and ce 
placement. of a damaged bushing difficult. The nO ce 
sign bushings have a novel clamping device nee elimi- 
nates the use of babbitt, provided the tank wal 3 not 
too thick to permit the use of the demountable hardware. 

The first thing to check to determine the conga? 
of a transformer, is the oil. Oil of normal dryness , 
test 22 kilovolts or higher in the standard test cup. 
much lower than this value, the presence of moles 
ig indicated and the oil should be dried in a suitable filter 
press or centrifuge. hee 

Detailed instructions for testing and treating oil are 
available from the makers of this equipment. 


—¥ Kv-a., 30,000-VoLT (FIELD TYPE) PORTABLE 
Meza Ou TESTING OUTFIT COMPLETE 
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Fic. 3—TyPpicaAL FILTER PRESS FOR CLEANING OIL 


CLASSIFICATION OF TRANSFORMERS 


‘It is usually considered, as a matter of definition, that 
a distribution transformer is a transformer whose rating 
is 500 K-v-a. or less. It is used for distributing power from 
high voltage lines to locations where a lower voltage: 
is required. 


Transformers rated above 500 Kv-a. are classed as 


_ power transformers. 


Polarity 3 

Polarity is of interest to maintenance men primarily 
on account of its bearing when paralleling or banking 
two or more transformers. In order to simplify the work 
of connecting transformers in parallel, all leads brought 
out of the case or tank are marked by a system of letters 
and numbers. The lead marking appears on the diagram 


nameplate or connection diagram which accompanies 
the transformer. 


Standardization of Polarity Markings 


The rules of the A.I.E.E. provide that in general, 
leads should be distinguished from one another by mark- 
ing each lead with a capital letter followed by a number. 
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Fic. 4—A.1.E.E. CLASSIFICATION OF POLARITIES 


The letters to be used are “‘H”’ for the high voltage leads 
and ‘‘X” for the low voltage leads and the leads of either 
winding brought out of the case to be numbered 1, 2, 3, 
etc., the highest and lowest numbers marking the full 
winding, and intermediate numbers marking fractions 
of winding or taps. All numbers are to be so applied that 
the potential difference from any lead having a lower 
number toward any lead having a higher number shall 
have the same sign at any instant. 


In the case of three phase transformers, the high volt- 
age leads should be marked Hi, H2 and H3 and the low 
voltage leads*X1, X2 and X3. The markings shall be so 
applied that if the phase sequence of voltage on the high 
voltage side is in the time order H1, H2, H3, it is in the 
same time order of X1, X2 and X3 on the low voltage 
side. In order that the markings of lead connections 
between phases shall indicate definite phase relations, 
they shall be made in accordance with one of the three 
phase groups as shown in Figure 4. 


The angular displacement between the high voltage 


and low voltage winding is the angle in each of the volt- 


age vector diagrams between the line passing from its 
neutral point through H1 and X1 respectively. 


180 











‘On transformers with six phase windin kin 

. : g, the mar 
shall be so applied that when the phase sequence a 
voltage on the three phase side is in the time order H1, 


#2, H3, it is the time order of X1, X2, X3, X4, X5 


X6 on the six phase side. 


Polarity of Single Phase Transformers 


The numbering of the high voltage and 1 
leads is so applied that when H1 ae (See Bie 3) see 
connected together and voltage applied to the trans- 
former, the voltage between the highest numbered H 
lead and the highest numbered X lead shall be Jess than 
the voltage of the full high voltage winding. This denotes 
pat the peveaiel difference from H1 toward H2 has 

e same sign at any instant as the potential diff 
Weel faye =e ; eee Hi lead is sarieratty 

ht out o e right-hand sid i 

the high voltage side of the case. oe va pe: 


When the leads are marked in accordanc i 

e with 
above rules, the polarity of the transformers is a 
tractive when H1 and X1 are adjacent and additive when 
X1 is diagonally located with respect to H1. 
Check Polarity Before Connecting 


Single phase transformers that are t i 
o be operated 

pared must not only have the same valesga sate oe 

also must have the same impedance. In.addition to that, 


Doe ee pence 


Fic. 5—PoLARITY TEST EXAMPLE OF ADDITIVE POLARITY 


1381 






































the polarity must be the same. Consult the manufactur- 
er’s instruction book if not sure of the polarity, check. 
with a voltmeter before making final connections. In an 


emergency, use lamps or a piece of fuse wire. 
Transformers to operate in three phase open delta 


- should have the same voltage ratio and should have ap- | 


proximately the same impedance (a variation of 10 per 
cent is permissible). That is, one may have 6 per cent 
impedance and the other may have 6.6 per cent or 5.4 
per cent impedance. The transformers should have the 
same polarity, that is, they should both be additive or 
both subtractive polarity. 
Transformers connected in delta-delta should have 


same voltage ratio, impedance. and polarity. If not 
certain of the polarity of the transformers, check the 


voltage across the secondary terminals before closing © 


final connections. For standard connections to use on 
single phase distribution transformers for supplying 
three phase, see diagrams 6, 7 and 8. 


POWER TRANSFORMERS 


Power transformers should be regularly inspected 
because a failure is usually costly from the standpoint 
of interrupted service as well as repairs. 


Large power transformers should be inspected from 
time to time to see that the oil is at the proper level and 
a sample of oil should be drawn from the bottom of the 
tank. The dielectric strength should be tested. Oil 
should not be permitted to go below 20,000 volts with 


1 gap. 


Checking Oil 

The oil should also be inspected to see if there are any 
signs of discoloration of the oil or if there is any great 
amount of sludge or carbon in the oil. If the oil is heavily 
saturated with: sludge or if the dielectric strength is low, 
the oil should be filtered or replaced with new oil. If the 
sludge is bad, then the oil should be removed. The core, 
coils and terminal boards should be washed down with 
clean, hot oil under pressure. | This can be done by using 
filterpress hose with filterpress pump pressure. After 
transformer is thoroughly cleaned then the filtered or 
new oil can be put in the tank. 

If there is water in the oil, the bushings, the bushing 
gaskets, manhole and handhole gaskets, and the main 
cover gaskets should be thoroughly inspected to deter- 
mine how the water is getting into the oil and any defec- 
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3-PHASE ADDITIVE POLARITY 
(RicHT) DELTA DELTA 


SERIES CONNECTION OF LOW VOLTAGE WINDINGS 


< o 


Fic. 6—TypPicAL DIAGRAMS OF TRANSFORMER CONNECTIONS 


(LEFT) STAR-DELTA 


tive gaskets or bushings should be replaced immediately. 


ae cooling coils should be carefully inspected’ and 
tested: yess ; fees 
_For water cooling coils, see that the lagging above the 
oil level is not injured or broken. Serious damage to the 
transformer may result from condensation. _ ty 


In the case of water cooled transformers, the rate of | 


flow should be checked from’ time to time. If found to 
have diminished, the cause should be looked for and 
remedied. ; 
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FxG. 7—TypicaL DIAGRAMS OF TRANSFORMER CONNECTIONS, 3-PHASE ADDITIVE POLARITY 


Fic. 8—TypicAL DIAGRAMS OF TRANSFORMER CONNECTIONS, 


(LEFT) DELTA-STAR 





Inspection 


All connections, both inside and outside of the trans- 
former, should be inspected occasionally to see that they e ; i 
are tight and to see that there is no discoloration, which __ , Before installing single bree Lee a 
would indicate ‘“‘hot’’ connections. Any connections ma they should be shorotsn ty. one i : or tho 4 ceceribed : 
that show signs of having been hot should be thoroughly i impedance and polarity similar to ie mace fa fail 
cleaned and bolted together tightly. Any tap changer | for distribution tacit ne < e ene @ Bee eee 
contacts that have been hot should be cleaned and ad- ae of one transformer in a bank of three trans ik see 
justed, or replaced. Be sure the tap changers are all on nect in delta-delta, it is possible to connect the remain- 


ae aN ° : them at 
same position. A tap changer left between points ma ing two transformers in open delta and operate 
cause pan sfOrnee fais = : : | yi 58 per cent of the total capacity of the three transformers. 
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Frequency of Inspection 


As to the regularity of inspections on large trans- 
formers, different companies may have different rules. 
Some companies make it a rule to inspect their large 
transformers at least once a year. They check the ground 
resistance and also check the circulating current and all 
of the plant connections at this inspection. They give 
the oil a complete test. If necessary, the oil is filtered. 
They also make a megger test of the windings and keep a 
record chart from year to year of the values. ~ 


_ Megger Readings | 

Opinion varies among operators as to the minimum 
- megger value allowable before removing a transformer 
from service. One operator uses the following 


Voltage of. 
Winding 


66 KV. and above | 1200 
22 to 44 KV. 1000 - 
6.6 to 19 KV. - 800 
Below 6.6 KV. — 400 


MINIMUM SAFE INSULATION RESISTANCE IN MEGOHMS AT 
DIFFERENT TEMPERATURES— WINDING TO GROUND 


Gaskets 


It is very important that all openings in the case be 


tightly closed before putting a transformer into operation. 
This is necessary whether the transformer is for indoor 
or outdoor operation. Careful work in preparing and 
placing all gaskets and in uniform tightening of all nuts 
~ and bolts is required. — : 


The best insurance against leaks after opening a trans- 
former is to use a new gasket properly cemented to 
thoroughly cleaned surfaces. 


Gaskets for oil insulated transformers are made from 
cork or neoprene cork. If of cork, they should be com- 
pressed to one-half the original thickness; if of neoprene 
cork, to two-thirds. nike ae 


Use cork gaskets only for inerteen transformers, be- 
cause inerteen dissolves neoprene. ; 
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- . Stops should be welded on flanges to control the com- _ 
_ptession of the gaskets. 


For many years it has been quite a problem to get a 
good job of installing gaskets on bushings, manhole 
and main covers, etc., on outdoor transformers, but with 
the development of the new Westinghouse #7386 cement, 
a reliable job can be done. This is now considered by 
service men to be the most reliable gasket cement avail- 
able on the market. 


#7386 can be used for sealing pipe thread joints as 
well as gasketed joints and is suitable for both oil and 
inerteen transformers, cork and neoprene cork gaskets. 


Water Cooling Coils ‘ oo 

If large power transformers show excessive heating, 
they should be checked for overload and the oil should 
be examined for sludge. If the load is alright, then the 
heating may be due to the water cooling coil becoming 
partially stopped up and reducing the water flow re- 
quired. There may also be a heavy scale on the outside 
of the cooling coil. These can be cleaned by several 
methods. 


Cleaning Inside of Cooling Coils 

(1) Using hydrochloric acid solution. Scale and 
sediment can be removed from a cooling coil without 
removing the coil from the tank. Both inlet and outlet 
pipes should be disconnected from the water system 
and temporarily piped to a point a number of feet away 
from the transformer, where the coil can be filled and 


emptied safely. | 


All the water should be blown or syphoned from the 
cooling coils which should be then filled with a solution 
of hydrochloric (muriatic) acid, specific gravity 1.10. 
(Equal parts of commercially pure concentrated hy- 
drochloric acid and water will give this specific gravity). 


It may be found necessary to force this solution into 
the cooling coils. When this is done, one end of the coil 
should be partially restricted, so that the solution will 
not be wasted when the coil is full. After the solution 
has stood in the coil about an hour, the coil should be 
flushed out thoroughly with clean water. If all the scale 
is not removed the first time, the operation should be 
repeated until the coil is clean, using new solution each 
time. The number of times it is necessary to repeat the 
process will depend on the condition of the coil though | 
ordinarily one or two fillings will be sufficient. ~ 
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As the chemical action which takes place may be very 
violent and may often force acid, sediment, -etc., from 
both ends of the coil, it is well, therefore, to leave both 
ends partially open to prevent abnormal pressure. 

(2) Using a solution of caustic soda and blowing 
it through the coils. | 

(3) Using an electric vibrating machine to loosen 
scale and finish with hydrochloric acid. 

(4) Using hot sodium cyanide (6 oz. to one gallon 
water). With this method, extreme caution should be 
exercised in handling the sodium cyanide as it is very 
poisonous. 


Cleaning Outside of Cooling Coils 


(1) Using an electrically rotated wire brush. See 
the description of the radiator cleaning tool under the 
heading, ‘‘Radiator Cooled Transformers.” — 

(2) Using a solution of caustic soda and steam. 

(3) Using a hand wire brush. 

Immediately after all cleaning is done with acid or 
caustic, the coils should be thoroughly rinsed’ with 
clean water. 


NITROGEN FILLED (INERTAIRE) 
TRANSFORMERS 


Moisture and oxygen are the principal enemies of 
transtormer oil. Moisture reduces the dielectric strength 
and oxygen helps form sludge. Isolation of the oil by 
using a blanket of inert gas such as nitrogen, largely stops 
trouble from these sources. ; 


Maintenance 


Since there is no moisture or oxygen present in the 
Inertaire Transformer, sludge will not form. Therefore, 
Inertaire Transformers rarely require filtering of the oil. 
Moreover, since nitrogen is an inert gas which will not 


support combustion, the danger of fires or explosions. 


such as might occur in an air space above the oil level 
of an ordinary transformer is eliminated. 7 

The original Inertaire equipment used a compound 
jar connected with the breathing regulators. Transform- 
ers of modern design have the cylinder placed on the 
side of the tank or adjacent to it and so connected that 
the nitrogen is taken into the transformer direct from 
the cylinder when required. 

Very little maintenance is required on this equipment 
‘but the oxygen content should be checked from time 
to time and the cylinder gauges should be noticed as 
the pressure gives an indication of the gas available. . 
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“SELF-COOLED RADIATOR TYPE TRANSFORMERS 


Removing radiators for cleaning and repairs is a 


maintenance problem. | | 
On recent design transformers there are flanges with 
Ives so arranged that these valves can be closed and 
ine radiator removed without lowering the oil level and 


putting the transformer out of service for any length 


of time. 


nique Portable Hoist | 
: The time saving maintenance tool, illustrated below, 
is a lightweight, portable hoist that can be attached to 
the top of a power transformer to provide a safe and 
convenient method of removing radiators and other de-. 
tails from transformers where crane facilities are not 


available. 

A Power Company using this equipment reports that 
the use of this hoist saves approximately 44 of the 
time formerly used for this type of work. Also, this 
user states that one of the most important features of 
the equipment is the safety over previous methods; in 
the past it was necessary to stretch cables between girders 


-above the transformer bank and attach two sets of rope 


blocks on this cable for lifting the radiators. Each set of 
blocks required two men and necessitated expert manip- 
ulation of the blocks to.properly raise or lower the radi- 
ators. : 

The hoist consists of a mounting post which is bolted 
to the top of the transformer tank, a swinging crane which 


2" Dia Holes in Fook. 
Span For § Cover Bolts 
103Min -134 Max Spacing 





180° Between 
Extreme Positrons 


‘Adjustable Guy 
' Rope Assembly 


Cael ee 
UF \ sigh Position of Hook 


100016 
Load Mar. 


Fic. 9—CoNSTRUCTION DETAILS OF Holst 
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fastens to the post and projects several feet over the 
side of the tank and a trolley assembly by which the 
lifting is done. The heaviest piece weighs about 80 lb.; 
the total, 210 lb,; yet it has a lifting capacity of 4% ton. 
Two men can readily mount the apparatus on the trans- 
former and operate the hoist. 

The swinging arm on this hoist permits removing of 
details within a wide range. All the radiators can be 
removed from a large transformer with 3 or 4 settings 
of the hoist on the transformer covet. : 

This hoist not only provides an efficient method of 
installing or removing radiators but permits this type 
of maintenance to be done safely. | | 


Radiator Leaks , 
Sometimes radiators are damaged by rocks being: 
thrown at them and by rifle shot. A small hole can often 
be peened or calked but one that cannot be stopped by 
this method can usually be welded with the oil in the 
transformer provided the leak is not near the top of the 
radiator. Great caution has to be exercised in doing a. 
welding job of this nature. | 


Radiator Cleaning Tool | 

A portable cleaning tool is being used in maintaining 
shops. to effectively prepare surfaces for a lasting and 
smooth coat of paint. This tool is also used for removing 
rust from any surface and for cleaning up gasket seats. 
It has proved to be especially effective on cleaning flutes 
on transformer tanks. This tool has many potential uses 
and is designed to take special fittings so that it can be 
used as a sander, as a drill for drilling wood or micarta 
and as a grinder. 

The complete cleaning ‘tool consists of a 4% HP motor, 
100/220 volts, single phase, 60 cycle, 3450 RPM com- 
plete with a flexible shaft 8’ long, incased in a rubber 
sheath. The cleaning brushes and other fittings are held 
by a ball bearing hand piece with a 3%" collet. The 
motor is mounted on a swivel tripod base suitable for 
floor or overhead operation. : 

This cleaning tool is supplied complete with 3 different 
types of wire brushes and a wire hand brush. 


INERTEEN TRANSFORMERS 

Indoor oil filled transformers must be placed in vaults 
for fire protection and safety. The use of a cooling and 
insulating medium which is at the same time non-in- 
flammable and non-explosive, would do away with the 
- expense of building vaults and allow more latitude in 

locating transformers close to load centers. 
In Inerteen filled transformer is one answer. Inerteen 
is a synthetic non-inflammable and non-explosive insu- 
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lating and cooling liquid, straw-yell i : 
specific gravity of 1.564 (at 60°F.) and ce oe us af 
ity of 54 seconds (at 100°F.). z yee 


Maintenance 


The dielectric strength of In 

erteen compares favo 

wah gig onder average normal editor will be ee 
igher than that of transformer oil. The same pr 

cautions are necessary with Inerteen as are taken with 


transformer oil. Inerteen 
Pee ciat and dirt, een should be kept free of mois- 


Mineral oil is compl isci i 
apletely miscible with transf 

Inerteen, Tt is practically impossible to separate mineral 
ne ; therefore it is important t id con 

tamination of Inerteen with any o1 CeCe oF 

y oil as the 
such materials markedly changes the ele Be 
and non-explosive characteristics of Inerteen. . : 


Inerteen has an irritatin 
: g effect upon the ski i 
: more pronounced to some persons than Bolas 
ee a tee eyes 208 and lips are affected when 
ntact wi nerteen and certai 
Geos must be observed when handling: it enn ae 
orking with the hands in Inerteen, it will irritate skin 


_abrasions or the tender parts between the fingers Con- 


tin i i 
ued exposure may cause skin eruptions with certain 












































individuals due to absorption of the Inerteen through 
the pores of the skin. Cleanliness among workmen 
handling Inerteen is essential and a very good safeguard 
against such effects. An application of castor oil is re- 
commended for. the eyes and castor oil or cold cream 
for the nose and lips. In case Inerteen comes in contact 
with the skin, the part should be thoroughly washed and 
cleaned. A supply of these materials should be kept 
available at all times where men are working with Iner- 
teen. Special gloves are available for handling Inerteen. 

A small amount of moisture will spoil the dielectric 
strength of Inerteen just as is the case with oil. Hot 
transformers should be opened only in well ventilated 
places. . 
Drying and Filtering Inerteen : : 

Inerteen may be dehydrated and filtered by means 
of an oil filter press but in order that it may not be con- 
taminated with oil, it is necessary that the filter press 
be used for Inerteen only. 

A different procedure than_ that followed for oil is 
required to purify Inerteen. Contamination in Inerteen 
cannot be removed entirely by filter paper alone. To 
clean Inerteen thoroughly it must be filtered through 
activated clay’? which absorbs impurities. In practice, 
it is only necessary to pass the Inerteen through the clay 
and to separate the clay mechanically from the Inerteen. 


Fic. 11—Tuis RECONDITIONER Puts INERTEEN IN FIRST CLASss 
CONDITION AT RATE OF 7 GALLONS PER MINUTE 
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Gaskets | 

Gaskets should be made of high grade cork. Use 
gasket cement. M-7386, especially developed for use 
with Inerteen. This cement should also be used for leak 
proofing all tank connections and pipe fittings. 


AIR COOLED TRANSFORMER 


Air cooled transformers are designed for installation 
in buildings where it is desirable for the sake of economy 
or to meet space limitations to avoid the construction 
of a protective vault. 

‘Windings in these transformers are designed for a 
temperature rise of 75°C. The cut away drawing shows 
construction of the Type ASL. 

Insulation throughout is Class B, the materials in- 
cluding porcelain, asbestos, mica, glass and air. This 
permits operation at higher temperatures than are per- 
missible in the case of liquid filled transformers. 


Maintenance : 

The elimination of cooling and insulating liquids does 
away with the need for periodic testing and treatment 
of transformer oil. 3 

Periodic load and temperature checks should be made 
as is the rule for coriventional transformers. : 
abel operation, the air ducts ‘collect dust and dirt and 
it is necessary to clean the transformer at regular inter- 
vals. The frequency of cleaning will depend on the load 
and especially on the amount of dirt in the cooling air. 

In blowing out dirt with air, use a maximum air pres- 
sure of 50 pounds. Do not use air until it is free from 
moisture that may have accumulated in the line from 
condensation. . : 

Too great an air pressure may injure the insulation. 


METHODS OF DRYING OUT 


There are four methods that may be followed in drying 
out transformers, . 


(a) By internal heat. 
(b) By external heat. 
(c) By internal and external heat. 
(d) By heating in oil. 


(a) By Internal Heat 


Fot rhis method, alternating-current is required. The 
transformer should be placed in its case without the oil 
and the cover left off to allow free circulation of air. 7 
The low-voltage winding should be short-circuited and 
sufficient voltage impressed across the high-voltage wind- 
ing to circulate enough current through the coils to 
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Fic. 12—Cut-AwAy SECTION OF A1irR-COOLED TRANSFORMER 


maintain the temperature at from 80° to 90°C. measured 
by resistance. About one-fifth of normal full-rated 
current is generally sufficient to do this. The impressed 
voltage necessary to circulate this current varies within 
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wide limits among different transformers but will general- 
ly be approximately 14 per cent to 114 per cent of normal 


voltage of the winding at normal frequency. 


The end terminals of the winding must be used, not 
taps, so that current will circulate through the total 
winding. The amount of current may be controlled by 
a rheostat in series with the high-voltage winding. 

This method of drying out is superficial and slow and 
should only be used with small transformers, and then 
only when local conditions prohibit the use of the other 


methods. 


(b) By External Heat 

The transformer may be placed in its own tank with- 
out oil. Externally heated air is blown into the tank at 
the bottom through the main oil valve. <A_ small 
blower or fan should be used to get the proper circulation. 
It is necessary to force as much of the heated air as pos- 
sible up through the ducts in the transformer windings. 
To accomplish this, baffles should be placed between the 


- core and the case, closing off as much of the space as 


possible. 

_The best way. to obtain the heated air is by blowing the 
air through grid resistors. The resistors should be placed 
in a fire-proof box. The temperature limits are the same 
as for method (a). The temperature of the air entering 
from the grids should not exceed 125°C. Measure the 
temperature of the windings by resistance measurements 
frequently to make sure that the transformer is not 
overheated. : a 

The heat may also be obtained by direct combustion 
but it is essential that none of the products of combustion 
be allowed to enter the transformer case. Heating the 
air by combustion is not recommended except where 


electric current is not available. 


If for any reason it is not expedient to place the trans- 
former in its own tank, it may be placed in a wooden 
box with holes near the bottom and top for circulating 
warm air. The same precautions as given for drying in 
its own tank should be taken to see that the air is forced 
to circulate through the oil ducts in the insulation. 

It is essential that every precaution be taken to pre-— 
vent fire when drying out by this method. The set up 
must be watched very carefully during the entire drying. 
If the blower should stop, the grid current should be - 
turned off at once to prevent overheating. 


(c) Internal and External Heat 
This is a combination of methods (a) and (b ahi 
transformer should be placed in its own tank, : es 
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and all precautions taken as outlined under method (b). 
The current circulated in the windings should, of course, 
be less than when method (a) alone is used. 


(d) By Heating in Oil 

For this method the transformer is submerged in oil 
and the heat is generated similar to method (a). The 
moisture is driven from the coils and insulation into the 
oil, and is removed from the oil by evaporation into the 
air or filtering, or by both evaporation and filtering. 


The temperature of the windings should be maintained 
at 80° to 90°C. as determined by resistance measure- 
ment. The oil should be maintained at as high a tempera- 
ture as possible to keep a safe temperature in the wind- 
ings. To bring the oil up to a temperature sufficient to 
evaporate the moisture into the air, it will be necessary 
to reduce or cut off the water in a water-cooled trans- 
former,. and to limit the radiation in a self-cooled trans- 
former. The radiation may be limited by lagging the 
tank, or a portion of it, with some suitable heat insulating 
material. If external radiators are used, the oil circula- 
tion in the radiators should be. prevented by closing the 
radiator valves or by lowering the oil level below the 


top radiator connections. 


It is essential that plenty of ventilation be provided 
in the air space above the oil, 
may evaporate from the oil. The man hole covers may 
be raised and, if necessary, ventilation used. I 
the ventilation is not sufficient, moisture will condense 
on the cover and drip into the oil. If this occurs, the 
ventilation should be increased or the temperature of 


the oil reduced. 


Filtering the oil will aid materially in removing the 
moisture, and hasten the process of drying. : 


The rate of evaporation depends on the temperature 
of the oi] and the ventilation, but special care should be 
used to see that the windings and insulation, which are 
at a higher temperature than the oil, do not reach a 


dangerous temperature. 
Remember when taking megger readings that the 


| megohm resistance is a function not only of the dryness 
but of the size of the transformer and of the arrangement 


of the windings as well. 


Most operating companies consider a transformer dry 
when the megget readings are constant over a period o 
| twenty-four hours. 
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in order that the moisture — 


METHODS RECOMMENDED FOR DRYING 


Of the above methods, the order 1 . . 
CO Ga if there is any cHoiee of ded ue 
e used, is as follows: (c), (b), (a), (d). s that can 


Method (c) is the one recomm 
ended i 
house Company, and it should be used: See 
e other methods are much slower and less poeta. . 


Methods (a) and (d) are particul 3 
slow for large or fichivolage ay ee see and 
recommended. and are not 


Time Required for Drying 
There is no definite len ime 
gth of time f i 
ae wes will generally be peAtinel. FSET eee . 
He yee ic)» depending upon the condition of the t 
er, the size, the voltage and the method of aoe 


used. Method (d i 
than the other oe take a great deal longer time 


Details to be Regarded 


If the initial insulation resi 
ore temperatures, it may re hehe eae - 
insulation is not dry, but as the transfo eed 
it will drop rapidly. eee 
As the drying proceeds at emer: 
insulation resistance will Se ee ae 
: generally incr 
Be alae the end of the aang Beeed: ee 
ee ill become more rapid. Sometimes the resi L 
ane. use and fall a short range one or mo # ae 
e reaching a steady high point. This is esate 


- moisture in the interior parts of the insulation working 


| See eeeees ae 
| Gee 


Insulation Resistance Curve 


bw 
a 


Insulation Resistance in Megohms 
Temperature ce 


8 16 24 32 40 48 
: 56 64 72 80 88 
Hours Drying Time SOE MOR a7 ie. 


Fic. 13—INSULATION DRYING CURVE 















































its way out through the outer portions which were dried 
at first. As temperature variations may cause great 
changes in insulation resistance the temperature should 
be kept as constant as possible. Measurements should 
be taken every few hours during the drying period. 


Resistance Curve 
A curve of the megger readings should be plotted with 
time as abscissa and resistance as ordinates. By observa- 


tion, the knee of the curve (i.e. the point where the in- 
sulation resistance begins to increase less rapidly) can 
be determined. The total drying period should be about 


115 per cent of the time preceding the passing of the 
knee of the curve. . 


Precautions to Be Observed In Drying Out 


As the drying temperature approaches the point where 
fibrous materials deteriorate, great care must be taken 


to see that there are no points where the temperature 


exceeds 90°C. Several thermometers should be used 
and they should be placed well in among the coils near 


the top and screened from air currents. Ventilating | 


ducts offer particularly good places in which to place 
some of the thermometers. As the temperature rises 
rapidly at first, the thermometers must be read at in- 
tervals of about 14 hour. In order to keep the trans- 
former at a constant temperature for insulation resistance 
measurements, one thermometer should be placed where 
it can be read with r changing position. 
The other thermome d about until 
the hottest points are i 

points throughout the 

the temperature shoul 

ance method. 


! 


Caution 

When a transformer is soaked with oil it is-in an in- 
flammable condition. While hot, it may be ignited very 
easily by an arc or dame of any kind. It is well to have 
a chemical extinguisher or a supply of sand at hand for 
use in case of necessity. 


li is not safe to attempt the drying out of transformers 
without giving them constant attention. 





HINTS ON ELECTRICAL MAINTENANCE 


Section 15 


TRANSFORMER 
CONNECTIONS 


A transformer is a device for transferring energy in an 
alternating current system from one circuit to another. It 
consists essentially of two independent electrical circuits 
linked with a common magnetic circutt. 


In section 14 the maintenance of transform i 
tribution type and power type, was disbdssed: Ae 
of lack of space, the very important and essential dia- 
grams for transformer connections were omitted. We 
are now presenting diagrams which will cover most 
problems that maintenance men will be apt to meet 


As has been described, the polarity of t 

is determined by the lead De ee When xX. i ee 
diagonally with respect to H-1, the polarity is, by defini- 
tion, additive. When H-1 and X-1 are adjacent the | 
polarity is said to be subtractive. For the standard 
method of marking transformer terminals, see publica- 
tion C6—1938 of American Standards Association 
Ge) a ee “American Standard Rotation, Con- 
feat an Terminal Markings for Electric Power. 


One of the most interesting transformer c i ig 
the Scott scheme which ae originated ee Hi Scott 
to take care of the necessity of changing two-phase 
pews? generated at Niagara Falls to three-phase power 
or transmission to Buffalo. This goes back to 1896 
eg Mr. Scott was Chief Electrician of the Westing- 
ouse Electric and Manufacturing Company. : 


peoce, that early day there have been other connections 

em a e shown, to take care of this transformation. 

ah nee e eo bet of ine schemes requires three trans- 
mpared to two in the Scott sys 

has proved of great practical importance. aes 


It is well to remember i i 
{ in making emergency connec- 
tions, especially for phase ee conuation: that a Sara 
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paratively small ‘off ratio”? will cause a large circulating 
current. This circulating current will depend not only 
on the “off ratio’? but also on the impedance. This con- 
dition may become more dangerous than the operator 
realizes, especially when the transformers involved are 
normally carrying full load. 


kkk 


In making transformer connections, safety should never 
be forgotten. DO NOT TAKE A CHANCE. PLAY 
SAFE. Do not assume that a transformer is de-energized 
(dead). Make sure breaker or switch is open before do- 
ing work. After work is completed, make sure all is 
clear before energizing. YOUR OWN LIFE AND THE 
LIVES OF OTHERS MAY DEPEND ON THIS. 


STANDARD TRANSFORMER AS BOOSTER 
High Voltage 


Low Voltage. 
Fic. 1—The purpose of a booster transformer is to raise the volt- 
age of the circuit from which the transformer is excited. The primary 
winding is connected in multiple with the line, and the secondary 


winding is connected in series with the line. By reversing the sec- 
ondary winding its action can be changed from boosting to bucking. 


The low voltage winding is subjected to the stresses going with the 
emf. of the high voltage circuit, and this raust be taken into con- 


sideration when using this connection. 
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60-CYCLE TRANSFORMERS ON 25 CYCLES — 


High Voltage 


Low Voltage 


Fic. 2—When using a 60-cycle transformer on a 25-cycle oi it 
a transformer whose normal rated voltage is double the volt ees 
the circuit would be required. This is to prevent the magnetic a : 
tion of the iron core. The same result can be accomplished ee ate! 
necting two transformers of the same voltage in series. Bicueake 


secondary side on a 3-wire circuit w 
ould tend to k 
the two transformers balanced. cep: (hemcltiage.on 


TWO-PHASE CONNECTIONS 
TWO-PHASE—FOUR-WIRE 


Hoh Voltage 


WAN) 
be ha 


Low Voltage 


hic. 3— i i | 
In this connection 2-phase, 4-wire is transformed by the use 


of two transformers to 2 : 
; -phase, 4-wire of a di 
is NO connection between the two ee ae ee ee 
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each of the separate transformers. 


delta bank. 
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The primary of the 


Low Voltage 
The secondaries are connected to the secondary, 


mains, the same as for the delta connection, except that the third 
transformer is not used. (The secondaries are in open delta). 86.6% 


of the rated capacity of the two transformers can be obtained, 


VOLTAGE, OPEN DELTA, THREE-WIRE—LOW VOLTAGE 
High Voltage , 
wi mae) 
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Fic. 10—This is similar to a V connection. 
two transformers is connected between the neutral and each of the 


three-phase wires. 
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SCOTT TRANSFORMATION—STANDARD 10 TO 1 RATIO USED 
fiigh Voltage 


Low Voltage 


Fic. 18—If.a Scott transformation is desired, and a transformer 
having an 86.6% tap is not available, a unit having a 10% tap or 
two 5% taps may be used to give approximate results. With this 
arrangement the 2-phase voltages will be unbalanced by about the 
same amount as when using a 9 to 1 ratio transformer. See Fig. 19. 


SCOTT TRANSFORMATION—STANDARD 9 TO 1 RATIO USED 
High Voltage 


39-/ Ratio 
Unt 


10-1 Ratio 


Low Voltage 


Fic. 19—If a transformer with an 86.6% tap is not available in 
making a Scott transformation, a 9 to 1 ratio transformer may be 
used for the teaser unit and give an approximate 3-phase to 2-phase 
transformation. The main unit of course must have a 50% tap or 
the transformation cannot be made. 


Suppose it is required to transform from 2300, 3-phase to 230, 
2-phase. For the teaser unit use a 9 to 1 ratio transformer. The primary 
voltage applied to this unit will be .866 x 2300 or 1990 volts. The 
2-phase voltage on the secondary side of this unit will be 1900 +9 
or 221 volts. The voltage of the other phase will be 230 volts. There- 
fore, the two phases will be unbalanced by this amount, which is 
about 4%. This unbalance, however, is generally of little conse- 
quence, especially if the transformers are used to drive motors. ; 
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PHASE TRANSFORMATION—FORTESCUE CONNECTION | 


High Voltage 


Low Vo/tage 


Fic. 20—This is a transformation from three-ph 


ase to two-phase, by the use of three transformers, one of which is standard, and the 
One advantage of this connection is that both two and three-phase current may be = 


he low-voltage side. 


delivered at the same time. The sum of the power delivered at two 
of the transformers, in order not to overload the transformers. 


other two have special taps on t 


-phase and at three-phase must be somewhat less than the normal rating 
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AUTO TRANSFORMERS 
FOR PHASE TRANSFORMATION 


3-PHASE TO 2-PHASE, 4-WIRE INTERCONNECTED 
High Voltage 


her, for op- 


























Low Voltage 


4——When a phase transformation is desired without any 
age, the auto transformer 


The connection shown has 





Fic. 2 
considerable stepping up or down of volt 
is the simplest and cheapest arrangement. 


the windings on the two-p 
at their middle point. 


+3-PHASE TO 2-PHASE, 4-WIRE 
High Voltage | 








hase side electrically connected together 








ge windings in each transformer. Both sets are connected in delta, but 


[ngh Voltage 
Low Voltage 





SIX-PHASE—DOUBLE DELTA 
at the two deltas are displaced 180 degrees in phase relation from each ot 


pendent low-volta 


so th 











quires two inde 


parison with the other, 


erating synchronous converters. 








Low Voltage 


Fic. 25—This connection is the same as the one shown previously 
except that the windings on the two-phase side are not connected 
together at their middle points, but the end of one phase is connected 
to the middle of the other phase. The two phases are not, therefore, 


electrically separated. 











Fic. 23—This connection re 


one is reversed in com 
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AUTO TRANSFORMERS—3-PHASE TO 3-PHASE, 3-WIRE 
High Voltage : 


Low Voltage 


Fic. 26—Where the voltage change from primary to secondary 


is small, the use of an auto transformer for a voltage transformation 


is cheaper than the use of two winding transformers. The primary 
and secondary windings are tied together electrically, which may 
be an objection in some cases. 


PHASE: TRANSFORMATION 3-PHASE TO 2-PHASE USING AN 
AUTO TRANSFORMER 


2 Phase 
4 Wire 


3 Phase 
' 3Mre 


Fic. 27—This shows how 2-phase voltages may be taken from a 
delta bank by the simple application of an auto transformer. The 
auto is connected between the apex of the delta and the mid-point 
of the opposite side. This gives a 1 to 1 ratio which means that the 
2-phase and 3-phase voltages on the L.V. side are equal. The H.V. 
winding of the bank may be connected star or delta. The 2-phase, 
and 3-phase loads may be taken off simultaneously. If no load is 
drawn off at 3-phase, approximately 75% of the bank rating may 
be taken off at 2-phase. 
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Voltage 4/60 Volts 3Phase 4Wire 


High 


PHASE TRANSFORMATION USING STANDARD TRANSFORMERS 
OF DIFFERENT VOLTAGE RATINGS 


Fic. 28—This is a phase transformation from 3-phase to 2-phase 
employing standard transformers. Transformer #1 is rated 4160 
volts to 240-120 volts. Transformer #2 is rated 2400 to 240-120 
volts. Each transformer will have a rating equal to one-half the 
2-phase load. 
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Low Voltage 240 Volts 2Phase 4Wire” 












































HINTS ON ELECTRICAL MAINTENANCE 


Section 16 


“SAFE HANDLING AND STORAGE 
“OF FLAMMABLE LIQUIDS” 


The problem of property protecting workmen agatnst the 
danger of burns from fires, and of reducing the general fire 
hazard from the use of flammable liquids has been investigated, 
and at the same time consideration has been given to the 
hazard of breathing vapors from the various flammable 
liquids. : 

Flammable liquids with a flash point as high as the process 
will permit should always be used. 


DEFINITION 


The Interstate Commerce Commission Regulations de- 
fine a flammable liquid as follows: ‘“‘A flammable liquid 
is any liquid which gives off flammable vapors (as deter- 
mined by flash point from Tagliabue open-cup tester as 
used for testing of burning oils) at or below a temperature 
of 80° F.’’? They require a designated red label on such 


liquids when shipped. 


Flammable liquids have been classified both as to their » 


composition and fammability. Group No.:1 and No. 2 
refer to the composition of the liquid and group A, B, or 
C, refers to the flash: point of the liquid. 3 

Group No. 1 consists of all solvents, thinners, slushing 
oils, and similar materials which are flammable. 
- Group No. 2 consists of all flammable paints, lacquers, 
varnishes, shellac solutions, resin solutions, and similar 
materials which contain flammable solvents or thinners as 
designated in group No. 1 | : 

Group A flammable liquids are those liquids whose flash 
point is less than 80° F. by the open cup, ASS 2 NE, 
‘method D22. Bee Sane 
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Group B flammable liquids are those whose flash poi 
is between 80° F. and 110° F. by the open cup A, 5 i OM. 
method D 22: 9 ? 9 


Group C flammable liquids are those whose flash point 
is above 110° F. by the same test method as above. (This 
group includes oils and some cutting compounds but does 
not include non-flammable liquids such as carbon tetra- 
chloride). 

It is thus possible to classify all flammable liquids as 
group 1-A, 1-B, etc., so that the exact flammable char- 
acteristics and protective measures can be determined. 


STORAGE TANKS 


Where large quantities of flammable materials are 
carried in stock, an approved storeroom or ‘‘Oil House” 
should be provided, whose location is isolated from any 
manufacturing sections, and equipped with the necessary 
tanks, other containers, piping, etc. : 


APPROVED STORAGE SPACE 


_An approved storage space for storing of | 
liquids located within the works quinone Bane = : 
room or other space properly cut off from the manufactur- 
ing section by fire resistant materials. This space shall 
have appropriate sprinklers, drains and other necessary 
fire and explosion protective devices. 

Drums which are located in approved stora 
and which are used for dio anae flammable liquids ot 
group 1-A or 1-B, as described above, shall be equipped 
either with an approved pump, or with approved safety — 
vents, shut off spigots, and drip buckets, equipped with 
screens. 

If used for dispensing group 2-A or 2-B liquids, dr 
shall be equipped with approved safety went shut off 
spigots, and a drip pan or drip bucket. oe. 

All drums of group A or-B flammable liqui 
properly grounded when withdrawing ihe nee 
Ground clamps to individual drums should be of such de- 
sign as to make a positive connection to the metal. 


STORAGE OF FLAMMABLE LIQUIDS 


In order to reduce the fire and explosi it i 

rec plosion hazard, it 
necessary to limit the amount of. flammable liquid bept 
at any one location in a manufacturing section. 

Only one drum of group 1-A or 1-B liqui 
mo -B liquid and one dru 

er 2-A or 2-B liquid shall be kept at any location at ane 
ime. Only four drums of group C liquid shall be kept at 
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any one location at one time. When a larger number of 
drums of flammable liquid is required as a given location, » 
one approved storage space shall be provided. 

Approved safety cabinets should be provided in any 
manutacturing section where it is necessary to have at one 
time a total of more than five gallons of group A or group 
B flammable liquids in small cans other than safety cans. 

Only flammable liquids which are in active use shall be 
kept in a manufacturing section. 

“All flammable liquids which are not in active use should 
be stored in an approved storage space. 


LARGE CONTAINERS (DRUMS) — 


Drums of flammable liquids of either group A or group 
B should be identified by a red sticker, which states 
“DANGER FLAMMABLE MATERIAL” and includes 
a caution clause. . 

This sticker should be placed on both ends of each drum 
before it is delivered to a manufacturing section. All 


drums of flammable liquid issued by a storeroom should 
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have the stickers attached before leaving the storeroom. 
Drums of flammable liquid of either group A or group B 


received from outside and not routed through a store- 
room should have the stickers attached by the department 


receiving them. 

Any drum containing a flammable liquid of either 
group A or group B if located in a manufacturing section 
other than an approved storage space, shall be properly 
protected. It if is in a horizontal position, it should be 
equipped with an approved safety vent and an approved 
automatic shut off spigot. If the drum contains.group No. 
2 liquid, it should be equipped with an approved safety 
vent and with a suitable spigot. 


Drums containing group C flammable liquids should be 
equipped with approved safety vents and a suitable spigot 
may be required. B 

A metal drip pan or bucket should be provided under all 
drum spigots. For groups 1-A or 1-B flammable liquids 
and in all other cases where practical, this drip bucket 
should be equipped with a safety screen. : 

If it is desirable to place a drum ina vertical position, it 
should be equipped with an approved pump such as #4064 
manufactured by the Gould Pumps, incorporated, Seneca 
Falls, New York. 

Drums containing either group A or group B flammable 
liquid should be suitably grounded when the liquid is 
either drawn or pumped out. 


SMALL CONTAINERS | 


All flammable liquids included in group 1-A or 1-B, as 
described above, which are not contained in drums and 
which are supplied by the storeroom, should be supplied 
to the manufacturing section in approved safety cans. If 
flammable liquids included in group 1-A or 1-B are re- 
ceived in storeroom in small cans from the manufacturer, 
they may be supplied to the manufacturing sections in the 
original container if the can has not been opened. 3 


Flammable liquids included in group 2-A or 2-B, as de- 
scribed above, should be supplied to the manufacturing 
“sections in sealed containers. When supplied by the store- 
room in other than sealed containers, they should be sup- 
plied in safety cans without screens. 


Flammable liquids of either group A or B, supplied in» 
other than safety cans by the storeroom, should be labeled 
with a red sticker. 7 


All small sealed containers of flammable liquids of either 


group A or group B received from the outside and not 
routed through the storeroom shall have a red sticker at- 





‘a | ins an le liquid is to 

tached to them by the Receiving Department before de- : hen a. drum which contains any flammab 3 
livery to a manufacturing section. ~o Rect as the plug should he rapliced ahd te dea 

All flammable liquids of group I-A or 1-B, which are in | _ properly tagged for disposition. : 

active use in a manufacturing section, shall be kept in ap- ; 12 All such drums should ese ay iver tee 
proved safety cans or containers. 3 ee fed apace Gach as an incinerator) equ pped f the 
eee: boseiDle proup 2:4 or 2-B liquids should be kept _ sate Tg a Panay eee en gnebie liquid at one 
= = a oe ae eS We tion: : Galvage of such materials should be given full 

ideration. 7 ce 
Under ‘no circumstances should flammable liquids be 
disposed of by dumping or pouring into sewers or con- 

ee pipes leading into sewers. aoe 

The dumping of flammable liquids or materials in the 
yards surrounding the plant buildings should be pro- 


hibited. 


3 } 7 ARE 
LIFE, HEALTH AND PROPERTY A 
PROTECTED BY USING FLAMMABLE 

- LIQUIDS SAFELY 


Se 








PED ISRES Tai age ee 
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It is not essential that group C flammable liquids be 


kept in safety cans although in some instances the use of 
safety cans without screens may be desirable. 


DISPOSAL OF USED FLAMMABLE LIQUIDS 


Drums should be provided in the manufacturing sections 
for use in disposing of used flammable liquids. 
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HINTS ON ELECTRICAL MAINTENANCE 
Section 17 


OIL CIRCUIT BREAKERS 


PURPOSE OF REGULAR SCHEDULED 
INSPECTIONS: | 


Trouble may result from lack of maintenance. In 
order to obtain the most satisfactory service from a circuit 


breaker, insure against uninterrupted service, and obtain — 


a reasonably long life, the breaker must be given a reason- 

able amount of care and maintenance. Quite often trouble 
is forestalled by tightening a wire, a switch, replacing 
spring cotter pins, readjusting contacts,.cleaning the oil, 
keeping latches free of corrosion, and many other items 
handled on regular inspection trips. 


SAFETY: | ae 


Before approaching a circuit breaker for a general 
inspection sufficient precautions should be taken to guaran- 
tee the safety of the personnel and also prevent damage 
to the apparatus. In addition to opening the breaker and 

disconnecting switches some approved grounding clamp 
with cable should be used to securely ground each terminal 
of the breaker. The control circuit and closing source of 
power should be cleared to prevent damage or injury from 
mechanical operations. 


FREQUENCY OF INSPECTIONS: 


The frequency of inspections will vary some depending 
on the surrounding circumstances. An inspection pro- 
cedure can best be determined by experience with breakers 
under actual operating conditions. The deciding factors 
upon which the intervals of inspection are based may be 
the number of operations, severity of fault under which the 
breaker operated, a regular time interval of a certain 
number of months, the condition of the oil, or any combi- 
nation of the above. However, it is quite generally 
accepted as standard practice to inspect each breaker at 
Jeast once a year. In some cases the tank or floor mounted 
high voltage breakers, not having been operated their pre- 


determined number of times are inspected after 18 months ~ 


service anyway. In the case_of the older breakers built 
prior to about 1930 the breakers should be inspected after . 
approximately 5 operations or six months’ service. 


~ be made comp 








a _—_—_—_.+ 
' R 
j 
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RECOMMENDED APPARATUS AND PLAN OF IN- 


TION: 

ce the time has been set to inspect a breaker arrange- 

nts should be made to have sufficient help, equipment, 
ad spare parts to complete the job as soon as possible 
a h minimum amount of exposing the open breaker, 
ve d tanks to the air and weather. The necessary tools, 
o1 een lights, ladders, tarpaulins, oil pumping, filtering 
a testing equipment should be readily available. £ he 
oe breaker, insulating material, and ‘‘De-ion Grids 
ah ald not be exposed to atmospheric conditions any 
ences than absolutely necessary. It is very convenient 
and helps to expedite the adjusting and checking of con- 
tacts if a small indicating lamp box is made up. This can 
act and poo Dy using ee oe 
i 1s three flashlight bulbs, four terminals, an 
ee one common Penal and one terminal for 
Lae breaker pole. Lamp cord or any suitable wire can 
fen be wired from each breaker pole to the box for check- 
ing contact indication. 


T AND MAINTENANCE OF CONTACTS 

MO EION GRIDS” HIGH VOLTAGE OUTDOOR 
BREAKERS (ABOVE 1061 KV.): 

The breakers used on voltages above 161 kv. have their 

installation, operation, and maintenance covered shares 

ly in a specific instruction book written for that particular 


breaker depending upon the application and interrupters 


used. | | 

OOR FLOOR MOUNTED BREAKERS 115 KV. | 

TO 161 KV. INCLUSIVE, ADJUSTING CONTACTS 
AND “DE-ION GRIDS”: 

All breakers within this voltage class including 115-1338 


and 161 kv. use interrupters similar enough in design that 


Sas TS : be 
i ctions for adjusting and maintenance of one can 

Esticd to all three breakers. All breakers in this class 
are assembled completely and tested at the factory. They 
are dismantled then for shipment necessitating re-assem bly- 


- ing and adjusting in the field at the time. of the installation. 


mbling of the breaker and adjusting of the con- 

mets Ge well explained in ie manufacturers instruction 
, out with each breaker. : 

nena new breaker is received and ready for installation 
i¢ should be carefully unpacked, checked to see that it is in 
good condition, and no damage resulted from shipment. 
Any insulation material, current transformers, ‘‘De-ion 
Grids’, condenser bushings, lift rods, or any spare parts 
should be stored in a dry place until it is used. The con- 


struction should be completed as soon as possible, where 
large breakers are involved, and in all cases the breaker 
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tanks should be filled with oil as soon as possible after the 


breaker is inspected for correct adjustment. Allowing 
the breaker to stand exposed to a damp atmosphere may 
result in damage to the insulating material inside the tanks. 
All covers should be securely bolted down after gaskets 
have been properly placed to prevent the entrance of 
moisture in the tanks. After the breaker has been properly 
adjusted and the tanks filled with oil it should be oper- 
ated with power a few times in addition to making timing 
tests before putting the Breaker in regular service. 
The timing records taken with Cycle Counter, Cincinnati 
Circuit Breaker Analyzer, or Oscillograph at the time of 
the installation should be kept on file as a guide in checking 
the breaker operation and speed for the period of regular 
inspection. 
The tanks should be opened only when the weather is 
suitable or when sufficient precautions have been taken 
to guard against the entrance of moisture or dirt. Drain 
the oil, remove the manhole covers, and thoroughly clean 
the dirt and carbon from the arc shields or lower end of 


Condenser Bushing 
Static Shield 


Tie Rod 
and Bolt 
Supporting 
Stack 


Cont .Position i \ 
With Breaker fh p QS = HH Contact Sprin 
Closed i y \ oe 
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Contact Lift i (iat AS Contact 
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~ Lift Rod 


Moving Contact 
Hinge Bolt 




















Fic. 1—MovinGc AND STATIONARY CoNTACT ASSEMBLY WITH 
Butt TYPE CON1ACT 
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the condenser bushings. Clean the Micarta lift rod, guide, 


contacts, shields, and tanks. 


1d be taken to use good clean dry cloth that 
d a re lint on the surface of the insulating material. 
The pole unit can then be readily inspected. 


IONS FOR ADJUSTING CONTACTS AND 
INSTRUC E-ION” GRIDS, 115-161 Kv. Inc. 


er toggles should be checked for proper 
Heeice od the ieule stops with the breaker in the closed 
sition. 
a The proper contact pressure can be determined by 
raising or lowering the grid assembly on the condenser 
pushing. The reason for making the adjustment at this 
oint is that the proper setting of the moving contact mem- 
har has been made in the factory and should be worked to 
when the final set-up is made for service. 


ing of the condenser bushings controls the 
ace on the moving contact member when same is 
passing through the slot in the grids. It is important that 
care be taken when the final setting of the bushings is 
made as it is necessary to have the contact member 
centered with the grid slots. 


: e proper contact pressure will be obtained when the 
eet contact is in the closed position shown. 


omplete grid assembly can be raised or lowered 
ie ihe Paiienser aching stud by removing the insulated 
stud from the guide for the moving contact member. This 
will allow the lift rod to be swung to one side so that the 
grid can be raised or lowered on the bushings. 


The static shields should be removed, the surface of 
the moving and stationary contacts examined. These 
contacts usually need no attention other than a good » 
cleaning. However, if there are any burrs, roughness, or 
particles of burnt copper projecting out from the general 
contour of the contact they should be dressed up with a 
file. Contacts with “Copper Elkonite’’ inserts should 
be examined for looseness, broken parts or excessive 


burning. The moving contacts made of copper only, 


(GO-1-A, 115 kva), should not be filed, after a consider- 
able number of operations if there is any tendency for the 
moving contact to peen over or mushroom. The contact 
should be removed and placed on a solid flat plate of some 
kind and the material hammered back to its original shape. 
This makes the surface of the contact hard and tough, 
increasing its life. Filing off the contact would make it 
softer than it was originally. 
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The breaker should be closed slowly by hand making 
sure that the grids and stationary contacts are adjusted 
to a position that will allow the moving contact free travel 
all the way through the grid slot up to the point where 
the contacts touch. This can best be checked by placing 
one hand on each side of the moving contact at the bottom 
shaking first one side then the other through the entire 
stroke. The moving contact should also be free to move 
back and forth sideways in the grid slots. Failure to line 
up these contacts properly will result in a higher minimum 
close and slow up the operating speed of the breaker. As 
the contacts are pulled into the closed position the point 
where the contacts touch should be checked with a bell 
ringer or any suitable indicator to see that contact is 
made at approximately the same time with each other and 
synchronized with the other two poles. Contacts should 
also part together. From the point where the contacts 
touch to the point where the breaker is completely closed 
and the mechanism latched is the amount of contact 
compression. This should be measured on the lift rod if 
being measured inside the breaker or on the 3 in, Cin- 
cinnati timer rod attached to the lift rod through the top 
of the breaker. If at any time itis necessary to measure 
contact compression with the breaker filled with oil, this 
contact compression should be adjusted to 14 in. to 5 in. 
Most breaker pole unit drawings show this compression 
measured at the stationary flapper contact and shows a 
dimension of 34 in. This value converted to lift rod 
travel is actually 33 in. If it is necessary to replace a 
stationary contact flapper, do not loosen the contact foot 
on the bushing stud but remove the four nuts holding 
the grid, drop the grid to the bottom of the tank, replace 
the contact and hang the grid taking care to line it up 
properly. Check to see that all pins and cotter keys are 
in good condition, all bolts and studs are tight, and all 
lift rods and guides are not cracked, warped, burned, or 
otherwise damaged. The static shields can now be re- 
assembled. : 


Where potential devices are to be mounted on the 
breaker care should be taken to make a weather proof 
‘connection between the outlet on the condenser bushing 
and the potential device housing, using good gaskets and 
securely bolting the flange. 3 


_ When current transformers are assembled in the field, 

care should be taken to not damage the insulation of the 
transformer, keep each lead properly identified with a 
marking tag, and pour compound around the leads where 
they come through the Micarta plug to block off the 
passage of any gasses from the pole unit to the conduit 
for the current transformer wire. 
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; — MOUNTED BREAKERS 15 KV TO 69 KV. 
ER USTING CONTACTS AND “DE-ION GRIDS”: 


Stack Tie 
Rod and Nut 


Stationary 
Contact 


SN 


BA as 
Bis 
Rh AROS 


Contact 
Spring 
Contact 
Adjustment 
Nut 
Adjust Fingers 
About ¢ when Approx.9/16 Contact 
Breaker 1S open 
Fic. 2—‘‘DE-10N” GRID, WITH FINGER TYPE STATIONARY 
_ Contact ASSEMBLY 


Sy TAIN 


- INSTRUCTIONS FOR ADJUSTING THE FINGER 
TYPE “DE-ION’’ GRID CONTACTS, 15 to 69 KV. 


1. With the circuit breaker in the closed position the 
toggle stops should be checked for clearance when the 
preaker is closed by hand. It will be found that the toggle 
stops will be solid when the breaker is closed electrically. 
This is due to the finger contacts holding the moving con- 
tact member. When closed manually the clearance will 
be approximately 7, inch. 
2. The final setting of the grid will be determined by the 
required amount of travel of the moving contact member 
into the finger contacts as shown. This adjustment is made 
by raising or lowering the grids on the condenser bushings. 
It will be found necessary to remove the fibre stud through 
the guide member of the moving contact. This will allow 
the moving contact to be swung to one side for clearance on 
the grid. 

3. The setting of the condenser bushings controls the 
clearance on the moving contact member when it is 
passing through the slot in the grids. It is important that 
care be taken when the final setting of the bushings is 
made as it is necessary to have the contact member cen- 
tered with the grid slots. 

4 Toinspect contacts it is necessary to remove the trans- 
fer arcing horn at the rear of the stationary contact assem- 
bly. ; 

5. The contact fingers are designed to give a high pres- 
sure at the lower end. When in proper contact a slight 
opening will be observed at the top end. 


Fig. 2 showing the finger type contact assembly gives 
most of the information necessary for checking and ad- 
justing. By removing the arcing horn bolted into the 
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and with each pole. T 
and make good cont 


Grid” fingers are set at 
€ moving contact used is 


Stationary Contact Bracket Stud Block 
g Ae 


Stationary 
Contact 
Finger 


Stationary 
Contact 


tl 


Main Moving Gonbesee aan 
—ConTAcT ASSEMBLY FoR 600 AmpERE 
AND GO-2-B 15 Ky. CrRcuItT- 
. Fig. 3 shows the small 
the “F and wiGr: Suthie-c 


Fic. 3 


GO-1-B, 15 anp 23 Ky. 
BREAKER 


“De ion Grid made in two sizes 


ontact adjustments are the same 
for both. These contacts are used on the following type 
breakers:— 


“a: Eype Ampere 
GO-2-B ae 600-1200 
GO-1-B 600 
GO-2-B 600 
GO-2 600 
GO-2 1200 
F-75 


600 
F-100 600 


B-7-A 600 
B-8-A 600 
B-10-A : 600 15.0 

The same precautions previously discussed re 


garding 
grid alignment, condition of contacts, and adjustment of 
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If it is necessary to 
| ies to these contacts. is size it 
ee Ra ona es using eae oe 
readju’ ier to determine when asa ff the contact 
is much Beh euinied if the grids are taken o ead Ges 
has been 0 the fingers so they may be oe foe Bale 
feet exposiis Care must be taken not to nen ches con- 
feeler Zause. | it is being removed. When id be 
out of the Se adjustment the ee ae ed 
tacts are sttact across the entire finger a 3 
ig at Eee eo cily over the entire contact area. 
but n 


S Bis 
. a Approx. 1-5/8 ae 
7 We 


. MPERE GO-2-B 
Fic. 4—ContTActT pea eee nee te A : a 
ig, 4 shows a typical set of the arcing cones ane : 
sae e main current carrying contacts. eal 
ae ae Pee tacts is used on the following typ 
ina 


ae 3 Million Kv-a.- 
f Amperes Lave ere 
aD 1200-2000 : ee 
B-20-B 1200 : s a8 
B-22-B 1200 : ee 
B-28-BS 2000 P | nee 
GO-2-B 1200 ; a 
B-7-A 1200 | eas 
oe {200-2000 0.25 
a a h the above breakers vary conta a see 

Meee cts the adjustment and eae ma 
oon. ee be effectively described collective Mes a 
ee al Feit of ‘‘De-ion Grids’ is necessary ES 
pane Himeicced on other breakers. The ee ct 
ee cn ‘with the breaker open is approxim o is 
| See contact engagement setting is App: ne 
ee 134 in. measured from the top stack pla = io the 
cat th moving contact. The main ee - ec 
ae ned icp to provide proper clearance to the grids, 
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make good contact with the main stationary contact, : 


and have approximately 3; in. compression. The con- 
tacts should be cleaned, dressed up free of any rough burrs 
and if burning or pitting has taken place to a depth of 


7s in. they should be replaced. The toggle Stop setting 


for all these breakers is 7 in. while the lift rod stop 
settings vary. The lift rod stop setting for the F-100 is 
37 in., B-28-BS is .10 in., B-28-B is .005 in., GO-2-B is 
ze in. while the B-20-B and B-22-B have no lift rod stop. 
The B-7-A, B-8-A, and B-10-A have the lift rod adjusted 
up tight against a spring stop. 

The “De-ion Interrupter’” shown in Fig. 5 is made in 


two sizes. The dimensions for adjusting are the same on 


both sizes. These interrupters are used on the following 
breakers. 


Fic. 5—ContTact ASSEMBLY FOR GO-B CrircuIT-BREAKER 
Outdoor Breakers: 
FO-22-—A — 400-600 Amp. 7.5 Kv. — 50,000 Kv-a. 
GO-B 600 15.0 50,000 


Indoor Breakers: : 

F-122 400-600-800 Amp. —— 5.0 Kv. — 25,000 Kv-a. 
F-124-A 600 Lad ae 50,000 
F-124-A 2000 5.0 50,000 


‘The action of this interrupter is similar to that of the 
‘‘De-ion Grid” and should be lined up and adjusted in the 
same manner. The arcing contact should be centrally 
located in the de-ion chamber and the main contacts 
adjusted to strike the main stationary contacts evenly 
with 14 in. compression. The arcing contacts should 
touch first 14 in. ahead of the main contacts. The total 
compression is 144 in. on the main and 4 in. on the arcing 
contacts. 


BRUSH TYPE CONTACTS: 


Be sure the lift rod and toggle stops are properly 
adjusted before closing any brush type breaker with power. 


The importance in setting the lift rod stops, the main- 
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nd adjustment of brush type contacts is perhaps 

ae Ee orient than other types of contacts. In the 
ek place it requires a more careful inspection to determine 
whether the contacts are properly adjusted and if they are 
ot properly adjusted there is always a possibility that 
ie contacts will be damaged when operated electrically. 
Since this type contact is usually required to carry more 
current than the other types the amount of contact surface 


‘engaged and the amount of contact compression become 


i tant. It would neither be practical nor neces- 
ee see a sketch of all the different types and sizes 
of orash contacts. Fig. 6 shows one of the small brush 
contacts and the general instructions for the adjustment 
sind maintenance of breakers using this type contact should 
be followed. All modern breakers in this class use the 
brush contact in conjunction with the bayonet and finger 
type of arc drawing contacts with the ‘‘De-ion Grid. 


Fach main moving contact bar and the member sup- 
porting the two main moving contacts should have 
sufficient free motion or pivotal rock to allow all contacts 
to touch simultaneously and equally seat themselves. 
The arcing contact making contact with the station- 
AGesne oh! Condenser Bushing 
Contact Foot 
Contact Bracket 
Contact Finger — 


Contact Finger 
Spring 


Main Stationary 
Contact Brush 


Lig 
4! 


all 


Center Vent 


Walbastgea 
ri 


siti 
wipe 


"De-ion” Grid 
Insulated Bolt 


Adjust Contact to this Dim. 
with breaker open. 


Fic. 6—STATIONARY AND MovinG CONTACT 
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ary arcing fingers should be rigidly mounted at the lower 
end of the lift rod. This moving arcing contact along - 
with the moving main contacts all mounted on the lower 
end of the lift rod has enough clearance in the lift rod 
guide to allow the arcing horns to move freely in the grid 
slot when the grid is properly lined up and to allow the 
main contacts to strike evenly. 

Before closing the breaker be sure the contact surfaces 
are clean and in good condition. While the breaker is 
being closed slowly by hand observe the arcing contacts, 
see that they pass through the grid slot freely, touch 
ahead of the main contacts, strike the stationary fingers 
evenly and have a final closed position 15% in. above the 
top stack plate. The toes of all brushes should touch 
the moving contact member together shortly after the 
arcing contacts enter the fingers, except for the free 
motion of the moving contact to properly seat itself with 
respect to the brushes. Then as the mechanism is pulled 
into the closed and latched position with the hand closing 
device slacked off so that the latch is holding the breaker, 
the contact compression and breaker lift rod and toggle 
stops are ready to be checked. 

By using a .0015 feeler gauge the contact compression 
on the brushes can be checked. The feeler gauge should 
be tried easily without forcing between each section of 
the laminated brush and the moving contact at the heel, 
toe, and between top of the brush and the contact foot. 
The brush should have enough compression to completely 
close the brush and move the laminations away from the 
backup spring for each brush section. lf the brush shows 
any opening at the toe it has too much compression and 
should be corrected before closing the breaker by power. 
Operating a breaker with too much compression not only 
results in less contact surface area but may permanently 
damage the brush. A slight amount of opening at the 
heel of the brush when closed by hand will usually close 
up when the breaker is closed by power. If it becomes 
necessary to replace any brushes care should be taken to 
grain the surface on the contact foot where the brush is 
mounted but do not grain the brush. If the contact foot 
is silver-plated do not grain but clean with steel wool 
before mounting the brush. If the breaker adjustments 
are satisfactory when operated by hand it should be closed 
electrically by holding the closing relay closed so as to 
make sure the mechanism closes and latches. The-con- 
tacts and stops should be rechecked to make sure too 


‘much contact compression was not obtained by the 


electrical operation. Breakers with heavy brush contacts 
should not be tripped free without oil in the tanks but 
should be opened slowly with the hand closing device 
This will prevent damage to the moving parts due to 
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the hydraulic bumpers being inoperative. Indoor breakers 
may be tried without oil for a very limited number of 
operations. 


ADJUSTING BREAKER STOPS: | 


Mechanism 
Bracket 


/ 4 ! “ 
Main Lever = re ie RS TS a caroy Lcen hes 
Main Lever ; get oo Lever and 
5 oggle S: 
Roller Guide | 9G op 
Toggle Link 


Closing Lever 


Lift Pod Guide 
j Bracket 


Clearance Approx.1/16 
Adjust pull rod but 
not the stop to main~_ 
tain clearance. 
Toggle Lever : 
Toggle Link 


Straight 
Line 


Hydraulic 
Bumper 


ae) 


Fic. 7—Po.e Unit LEVER ASSEMBLIES FOR SMALL FRAME MountED 


BREAKERS WITH FINGER OR Butt TYPE STATIONARY CONTACTS 
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Fic. 7-A—PoLeE UNIT LEevER ASSEMBLY FOR FLOOR MouNTED 
BREAKERS 


Fig. 7 shows stop settings for outdoor breakers only. 
However, the general location and system of checking is 
the same. The lift rod and toggle stop settings on circuit 
breakers are very important, especially the breakers 
using brush type contacts. 

These stop settings are given in the instruction book 
of pole unit assembly drawing supplied with each different 
type of breaker. These stops are adjusted to the proper 
setting in the factory and should not require resetting. 
However, on regular inspections they should be checked 
for uniformity between poles and to see that they are 
securely locked in place. The stops limit the travel of 
the contacts at the end of the closing stroke and prevents 
damage to the contacts on electrical operations. On 
breakers with the heavier brush type contacts where an 
open position stop is provided it should be so adjusted as 
to limit the travel at the end of the opening stroke before 
the hydraulic bumper has reached the end of its travel. 
The breakers using finger type contacts only should have 
the 3; stop settings adjusted by closing the breaker 
manually as the contacts may hold the levers and lift 
rods farther into the closed position if operated electrically. 
The lift rod and toggle stop settings on all finger and butt 
type contacts is usually zs in. while on a brush type 
breaker the toggle stop setting is usually 3; to #2 and the 
lift rod stop 005 to .015 in. | 
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HYDRAULIC BUMPERS: , 

The hydraulic bumper is an oil dashpot mounted in 
the pole unit linkage bracket and operates at the end of 
the opening stroke to cushion, the weight of the moving 
parts, absorb the energy at the end of the stroke, and 
smooth out the operation of the breaker with a minimum 
amount of contact bouncing. Breakers using this type 
bumper should not be operated excessively without oil as 
the bumper is inoperative unless it is covered with oil. 
During regular inspections when the breaker is in the closed 
position these bumpers should be tried by hand to see 
that they are free to move through their entire stroke 
without friction and that the plunger retrieving spring 


- returns the plunger to the original starting position. 


BREAKER TANKS: 

The breaker tanks and all parts inside should be 
thoroughly cleaned with good clean dry cloths, free from 
lint and flushed out with a little clean oil before refilling 
with new or purified oil. When tank liners are used they 
should be examined for burned spots or parts that may 
come loose and float around in the oil. All covers and 
gaskets should be pulled down tight. The tanks on frame 
mounted breakers should also be pulled up tight to pre- 
vent the entrance of moisture into the tank or oil. 


CONDENSER BUSHINGS: 

The condenser bushings in a breaker should be given a 
visual inspection. This inspection should include check- 
ing for leaking compound or oil, broken or cracked porce- 
lains, mechanical damage, broken cement, accumulations 
of dirt or foreign matters on the porcelains, and carbon | 
on the arc shields at the lower end of the bushings. The 
condenser bushings should be tested periodically, usually 
annually, for dielectric losses and capacity. The “‘Manual 
of Westinghouse Outdoor Bushings,”’ technical data 33-156 
gives the information needed for the care and maintenance 
of outdoor bushings. The manual may also be used for 
indoor bushings. The bus connection to the bushing stud 


‘should be checked to prevent any strain on the bushing. 


OPERATING MECHANISMS: 


i ; — Solenoid 
_ Beforeinspecting the mechanism be sure that the breaker 
is open, control voltage off, and the closing source of 
voltage or air is shut off. From a visual inspection check 
all pins and bearings to make sure they are not worn to 
the point of needing replacing. Lubrication is recom- 
mended with a good grade of oil. Check for missing or 
broken cotter pins, or ones worn enough to warrant re- 
placing. The ground surface of all latches where the 
finish has been removed should be observed closely for 
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These surfaces are not to 
gle 


rust, corrosio 

be ground with any 

of the latch will be c 

dirt off does not leave a sa 
can be smoothed up with crocus ¢ 

paper. These latch surfaces should 

film of corrosion resistant material such a 

or ‘Gun Grease’. Any corrosion or foreign matter on 
these latching surfaces tends to build up the latch load 
and raise the minimum tripping voltage. 

Operate the mechanism slowly by hand both trip free 
and with the breaker attached to see that all parts move 
freely and no undue friction is noticeable. The trip free 
latch should be free to reset as the mechanism retrieves 
from the trip free position. Check the trip plunger for 
free travel and length to see that the plunger is free from 
friction and long enough to guarantee positive tripping. 


AUXILIARY SWITCHES: 

Check the auxiliary switches to see that the contacts 
are clean, properly adjusted, and have sufficient com- 
pression. Check the mounting bolts or studs, operating 
linkage, and adjusting cam to see that they are properly 
tightened. On solenoid mechanisms the two pole switch 


is set so as to cut off the closing source of energy positively | 


but late enough in the closing stroke to guarantee closing 
and latching from the minimum to maximum control 
voltage. The 10 pole switch is adjusted so that the 
fingers are approximately in the center of the contacts 
- for both positions of the breaker. The space heater in 
this mechanism house should be energized at all times to 
minimize the amount of condensation. The breaker 


should be operated a few times after everything has been © 


checked. Tripping should. be, checked through relays 
electrically at this time. 


AIR OPERATED MECHANISMS: ; 


Before working on the mechanism be sure to shut Offa 


the air, control voltage, and open the breaker. The same 
general inspection of pins, latches, switches, etc., applies 
to both solenoid and air mechanisms. The mechanism and 


compressor should be checked periodically for leaks and 


any excessive leaks ‘eliminated so as to minimize the 


running time of the compressor, Any air leaks in the 
system may be readily detected by going over all joints, 
fittings, gasket. seals, valves, and valve stems with a 
solution of liquid soap with a brush. With a reasonable 
- amount of maintenance the air system should not leak 
more than approximately 3 pounds per hour average when 
checked over a period of 8 or 10 hours time with the 
pressure. at normal and the voltage to the compressor 


242 


shut off. All pins, bearing surfaces, valves, pi 
piston cylinders are made of a corrosion He aca 
All valves and pistons require no lubrication. The 1 ins 
and bearings should be lubricated periodically with : 
light good grade of oil. The ground engaging surface of 
the latch and trigger should be kept free of corrosion. The 
trip plunger and the moving magnet core should be fre 
_to move up and down through its entire travel with s i 
ficient travel to guarantee tripping when the trip ma f t 
is raised slowly by hand. The gap between the an 
magnet cores should be adjusted to 4 to ¥ in. The tie 
between the moving trip core and the pilot eahaush valve 
should be kept securely locked to maintain this settee 
between the cores and the proper travel on the ti 
plunger, tripping magnet core, and the pilot chaise 
valve on the 8 in. CAS mech. With the trip ma Het 
cores held tight together the pilot exhaust valve ist ; 
should be raised high enough to expose the ;4 in ae Ge 
in the piston above the pilot exhaust valve castin; 2 This 
adjustment is necessary to obtain electrically aie n ie 
matically trip free operations on the 8 in. CAS iieohani Saal 
The mechanism should be operated with the hand 
closing device slowly. The mechanism should clo 
smoothly and easily with sufficient overtravel to allow 
the latches to set up. The hand closing is fairly ea 
through the most of the stroke, requiring more fence a 
the accelerating spring and contact springs are picked 2) 
The-hand closing device should always be removed betore 
turning on the air. - A breaker should never be clo sd 
against a hot line with the hand closing device. On i 
top of the closing magnet valve a push button is rovid 4 
for closing the mechanism by hand when the her oti 
is as and ine control voltage is off. rape 
e auxiliary switc adjustment wi i 
oats from that on a solenoid See ice a 
a e “bb” contact on the two pole auxiliary switch is 
( justed to initiate the reclosing operation. The closi : 
air is cut off by the opening of the “X” relay as the wey 
a pecacte ee paren ne 10 pole auxiliary Sariten 
eaker reaches the closed position. F is. 
reason the 10 pole auxiliary switch tags ee 
with the fingers in the cent ay UOU De sue 
a petting favorable to the Boe teas ponlacis put 
e air compressor and its accessories § 
Md the regular inspection intervals.. He ele cae 
e motor and the compressor should be examined fo the 
eect peeion or excess wear. If the belt is worn iA the 
rates She oped contat wih 
crankcase oil should b Deere ts ice eC seOr 
on the front The e pebecree, bY Eemoving Ce Dive 
: e quality of the oil should be observed 
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and replaced when necessary. The proper oil level should 


be maintained. The compressor oil viscosity depends upon 
the temperatures for the particular area, No. 30 oil for 
mild temperature and No. 20 for colder areas. The air 
filter should be washed in gasoline or any good grease and 
dirt solvent and replaced. The compressor air supply 
tank has attached one safety popoff valve, one shutoff 
valve, one drain valve for draining water out of the tank 
occasionally, and three pressure switches. One pressure 
switch closes on low pressure to maintain the selected 
normal pressure’ with an adjustable differential usually 
set for approx. 15 lbs. The second pressure switch is a 
lockout switch for the closing control circuit. This switch 
opens on low pressure adjusted about 5 lbs. above the 
minimum closing pressure to guarantee the breaker will 
close and latch at any pressure a closing operation is 
started, and low enough to obtain at least 5 operations 
with one supply tank full of air and the compressor shut 
off. The third pressure switch is an alarm switch, closing 
on low pressures at a setting. This alarm switch and cut- 
ou switch have differential settings of approximately 15 
iDpSec 

The reservoir drain valve should be opened slightly, 
once in a while, just enough to drain off the water without 
loosing the pressure in the supply reservoir. The com- 
pressor motor bearings should be oiled. Instructions for 
the maintenance and. repair of the compressor are sent 
out with each mechanism. The mechanism cabinet is 
supplied with three space heaters. The heater mounted 
along side of the closing cylinder is intended to be left on 
continuously to reduce the amount of condensation while 
the other two are controlled by a thermostat energizing 


these two at lower temperatures selected on dial of the 


switch. The temperature in the mechanism cabinet is 
not necessarily above freezing at all times. It is intended 
that the cabinet temperature be kept a few degrees above 
the outside temperature to minimize the amount of con- 
densation. No harm will result from the freezing tem- 
perature. The drainage of the air supply tank may be 
cenyes due to the water freezing in the bottom of the 
tank. 


CONTROL PANEL AND RELAYS: 


The control relays should be inspected for any rough- 
ness or excess burning of the contacts. If there is any 
visible roughness the contacts should be dressed up with 
a file. Any metallic particles adhering to the sides of the 
arc shield should be removed. The smaller contactors 
(DN-00) or (SG), used on air mechanisms should have 
the contacts cleaned occasionally with a relay contact 
emery board or small piece of emery paper. The relay 
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should be slowly moved through its operation motion 
observing any undue friction due to corrosion, loose parts, 
or dirty gummy bearings. A visual inspection will 
usually disclose a loose or broken wires or damaged insu- 
lation. The condition of the operating coils should be 
observed to see that the insulation has not been damaged 
by overheating or atmospheric conditions to the extent 
of needing replacing. Where swinging panels are used 
the panel locking bolt should be securely anchored to 
prevent the panel from opening up against the housing 
door or allow a loose panel to transmit excess vibration to 

the moving parts of contactors. | / | 


OPERATING BREAKERS: 

After ever thing has been checked over and put in 
good condition a few operations should be tried by power 
from the operator’s control switch. Care should be taken 
to keep everybody clear of the mechanism and breaker 
while it is being operated as moving parts move fast and 
serious injury may result. When the breaker is installed 
timing records are usually made in the field for checking 
the speed of the operation against the manufacturer’s 
recommendations and the application requirements. It 
is usually not necessary to repeat these timing tests on 
regular inspection trips unless some change is made in 
the breaker adjustments, mechanism adjustments, new 
operating coils, or new contacts installed. Although it 
is not a general practice, some maintenance of test depart- 
ments have suitable resistors for connecting in series with 
the close coil or trip coil to actually measure the minimum 
close and trip. These values checked against the original 
minimum values give a very good indication as to whether 
the breaker and mechanism are in approximately the same 
condition. 

AIR MECHANISM: : 

The air mechanism should be inspected to see that 
parts were not damaged in shipment, all air piping has 
been completed, valves closed, compressor crankcase has 
been filled with a good grade of motor oil S.A.E. 20 or 30 
depending on the temperature conditions in the location 
where the mechanism is to be operated. The compressor 
motor should be oiled in the oil cups provided. The com- 


- pressor should be started, the supply tank pumped up to 


normal pressure, and the governor pressure switch adjusted 
to shut off the compressor motor at normal pressure and 
start the motor again approximately 15 Ibs. lower. The — 
valve between the mechanism and the supply tank may 
now be opened and the operation by air tried. Care 
should be taken to remove the hand closing device before 
making any pneumatic operations. The breaker should 
be operated with air by opening the closing valve manually 
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and electrically from the control board. Minimum close 
should be determined with the compressor motor shut off 
and a check made to see that the breaker will operate at 
least 5 times before the cutoff switch locks out the closing 
circuit and one operation after lockout. 


The lockout switch for the closing circuit is usually 


set approximately 10 Ibs. above the minimum close and 
the alarm switch set 15 lbs. above the minimum close 
and a 10 to 12 lb. differential on each. The mechanism 
is properly adjusted before leaving the factory and should 
not be changed unless something is found loose or it is 
desirable to change the speed of the operation, The air 
supply system with all the valves and fittings should be 
checked for leaks occasionally with a solution of liquid 
soap. Fes Bak SRW 


OIL MAINTENANCE: 


The oil in a circuit breaker should be tested every few 
months for dielectric strength and especially after heavy 
fault interruptions. This oil test ig one important factor 
in determining whether a breaker is ready to be taken 
out of service for inspection. The oil storage reservoir 
and connecting pipe lines should be examined period- 
ically and kept free of water. Any time the oil is removed 


~~ e 
Pan 
oye Ss 


from a breaker it should be purified and tested before 


replacing in the breaker. Samples should be taken and 
retested after placing the oil in the breaker. The West- 
inghouse Instruction Book 5336-D on ‘Insulating Oil for 
Electrical Apparatus’ explains the care and handling of 
oil thoroughly. 





HINTS ON ELECTRICAL MAINTENANCE 
Section 18 


D-C CONTROL CIRCUITS 


Ease in shooting trouble on d-c. controls depends largely 

on a Clear understanding of the basic principles and 

circuits used. It is the purpose of these data sheets to 
give that information. Fe 

In general, d-c. motors of less than 2-hp rating can be 

started across the line, but with larger motors it is usually 

to put resistance in series with the armature 

e. Thisiresistance, which 

o a point where 

is shorted out 


For smal 

emf. starter i 

s more widely used, however, and has the advantage 
of being independent of load conditions. 

The following diagrams illustrate.some of the circuits 
commonly used for d.c. motor control. 


Caan 


M eed 


®) 


Fic. 1—Basic requirements of a non-reversing d.c. starter in its 
simplest form. 


When the start pushbut 
the motor comes up 
across motor armature an 
value the accelerating con 
resistance. 
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Fic. 2—Typical, non-reversing constant-speed, definite-time 
starter. The accelerating contactor is equipped with a time-delay 
mechanism. This contactor, A’ is of the magnetic-flux-decay type. 
It is spring-closed, equipped with two coils, and has a magnetic 
circuit that retains enough magnetism to hold the contactor arma- 
ture closed and the contact open indefinitely. Main coil Am has 
sufficient pull to pick up the armature and produce permanent 
magnetization. Neutralizing coil Az is connected for polarity opposite 
to the main coil. It is not strong enough to affect the pick-up or 
holding ability of the main coil but, when the latter is deenergized, 
the neutralizing coil will buck the residual magnetism so that the 
contactor armature is released by the spring and the contacts close. 
By adjusting the potentiometer the voltage impressed on this coil 
and hence the time required for the-contactor to drop out can be 
varied. When the start button is depressed accelerating contactor 
coil Am is energized, causing contact A to open and auxiliary contact 
Aa to close. Contact Aa energizes line contactor M, and normally 
open auxiliary contacts Ma establish a holding circuit. Neutralizing 
coil Az is also energized. Opening of contact Ma deenergizes coil Am 
and contactor A starts timing. At the set time the main normally 
closed contacts on A close, shorting out the’starting resistance and 
putting the motor across the line. ° 
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Fic. 3—The same kind of a starter as in Figure 2 but designed for 
use with a motor of larger horsepower. 


is starter provides two steps of definite-time starting. The 
Fearon is Sceaiitially the same as in Figure 2 but the first accel- 
erating contactor, JA, does not short out all the starting resistance. 
It also starts 2A timing, which finally shorts out the remaining 
resistance. The normally open auxiliary contacts on the accelerating 
contactors in Figures 2 and 3 are arranged so that it is necessary 
for the accelerators to pick up before the line contactor can be 
energized. This is a safety interlocking scheme that prevents starting 
the motor across the line, if the accelerating contactors are not 


functioning properly. 

























































































Fic. 4—One way of producing dynamic braking. 


Control circuits have been omitted, since they are a duplicate of. 


those shown in Figures 9 and 3. Line contactor M has two poles, 
one normally open and the other normally closed.. Both poles are 
equipped with an operating coil and are on the same armature, 
which is hinged between the contacts. In starting, when line contactor 
M closes normally closed contact MA opens. When the stop button 
js depressed the line contactor drops out and contacts MA close. 
The motor, now acting as a generator, is connected to the braking 
resistor and coil MA is energized by the resultant voltage. It causes 
MA to seal in tightly, establishing good contact pressure and pre- 
venting this contact from bouncing open. 


= 


Ser. Fld. 


Start Res} (Arm) VAC 
Pe : 
PElaies | : 


Bka. Res. 
Ma OL . 


M 


sip Si 


e @ O -Q 


Fic. 5—In the more modern types of controllers a se Bort 
< ers 
closed contactor is used for dynamic braking. separate spine 


Operation is similar to that described for Figure 2, ex 

energizing of coil Am and the picking up of Siecsleratine: ee 
A, closing contact Aa, energizes dynamic braking contactor DB 
which in turn_energizes line contactor M through its auxiliary con- 
tact, DBa. This arrangement not only insures that the dynamic 
braking contactor is open, but also that it is open before the line 
contactor can close. In order to obtain accurate inching, such as.is 
required for most machine tool drives, the motor must respond 
instantly to the operation of the pushbutton. In the scheme shown 
in Figure 5 the closing of the line contactor is delayed until 
accelerating contactor and the dynamic braking contactor pick up 













































































Fic. 6—Arrangement to secure quicker response of motor, for 


more accurate inching. 


Accelerating contactors 1A and 2A are energized in the off position. 
Hence, when the start button depressed is, the dynamic braking 
DBa picks 


contactor picks up immediately and its auxiliary contact 


up M line contactor. 
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Fic. 7—One method of . ; ; 

j - connecting full field pits 
eee seeks ch having a speed range in Sela Yonteet sen ase 
‘Aa and remains aes : closing of the normally open a Oiaks a oil 
Contacts of the fall until the last accelerating contactor dr spats 
field rheostat thereby Bee ie are connected to short pte outs 
during the starting period. aximum field strength to the motor 
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Fic. 9—Connections of field loss relay, to prevent excessive speed 
if the shunt field is deenergized while voltage remains on the armature. 


It usually consists of a current relay in,series with the motor shunt 
field and is adjusted to pick up on full-field current and remain closed 
at any current within the operating range of the motor field current. 
Contacts of relay FL are connected in series with the overload relay 
contacts so that the opening of its contacts will deenergize the con- 
trol by opening the line contactor. This type of field loss protection 
does not protect against the possibility of a short circuit across a 
part of the field, say across the one field coil. This would cause the 
motor speed to rise considerably but the current in the field circuit 
would dalae rise. Consequently, the series current relay would not 
respond. 
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FIG. 10—Applicatio 


ee The differential field loss relay D 
cted to buck each. other. 


n of differential field loss protection. 


FL is equipped with two voltage 
Each is connected across one- 
voltage across each coil is 


half of the field winding. Normally the 
*n the out position with its normally 


acts closed. Shorting out of one field coil or other failure 
unbalance of these voltages causes the relay to pick uD, 
acts and dropping out the line contactor, deenergizing 


the sa 
closed cont 
causing an 
opening its cont 
the motor. 
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Fic. 11—One form of rev : 
ber : ersing dynami i 
pane ot mule pel contactors Paviie fare pace fontrol, con- 
a Pee iize i po aay Sea ocean contactors 1A ade DA 
ts , as in Figure 6 ; 

tae een snereicee forward contactor F, SO anOire: the for- 
Bit of Be cially ales CREE a normally ees contact vA. Oren 
é J y contact Fa star ante zs 
eS. SNe eee eal contactors. Closing of the lee 3 Seta. cycle 
Bebutton ie Be iehes a holding circuit. When the sel es pels 
contact FA Deine up a F drops out, closing neemiaily 1G fed 
_ braking mesistors; hich Beale erent through the 
oo : an , ° 
een ie eat closed contact closed, and I encormatte colle 
action prevents Be the braking current drops to a low valil : This 
motor, because if pheieeee of the back contacts and plu or tthe 
ing period contact eve Nes pueion Wet: depressed dune the eps 
overcom f not have suffici > 
a 1¢ the pull of the RA coil until the motor hed ainioet SEOpDeL 
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Fig. 12—Another form of reversing. dynamic braking starter 
using a spring-closed dynamic braking contactor and _ single-pole 
normally open directional contactors. When start button is depressed. 
contactor IF is energized. Closing the normally open auxiliary con=— 


tact [Fa energizes relay LV to establish a holding circuit and also ) 


energizes accelerating contact 1A; 1A contactor energizes 2A, and‘ 
2A energizes DB. In turn, DBa energizes 2F and normally closed 
contact 2Fa starts the accelerating timing. 


Depressing the stop button drops out LV, closing DB immediately. 
‘Plugging is prevented by relay PR, a voltage relay connected across 
the motor armature. Its normally closed contacts remain open, 
preventing the pick up of the reverse directional contacts until the 
armature speed drops down to a safe value for plugging. ; 


HINTS ON ELECTRICAL MAINTENANCE 
Section 19 


CONNECTION DIAGRAMS 
FOR | 
PUSHBUTTON CIRCUITS 


EFINITION OF TERMS used with pushbutton applica- 

tions afford a foundation on. which to build a few 
basic rules. Two terms that are sometimes confusing 
are low-voltage release and low-voltage protection. 


Low-voltage protection allows the control to be removed 
from the line if the power source fails or a disturbance 
occurs that causes the line voltage to drop to a very low 
value. In order to start the apparatus again, it is neces- 


sary to actuate the start button. 


Control Functions Automatically 


Low-voltage release, on the other hand, allows the con- 
trol to drop out if for any reason the power source voltage 
is inadequate, but when the voltage again reaches suffi- 
cient value the control will function automatically to 
connect the apparatus to the line through the proper 
starting sequence. 4 


In order to obtain low-voltage protection, it is neces- 
sary to have a start button that closes the control circuit 
only when it is being held down. An electrical interlock 
that is closed when the control has functioned parallels 
the start button and keeps the control circuit closed after 
the start button is released. When the control drops out 
because of voltage failure, the interlock opens the control 
circuit, thus giving protection against unsupervised starts 
when power returns. 


These two types of control circuits, commonly known 
as two- and three-wire control, require different types 
of pushbuttons. The low-voltage release control circuit 
requires a pushbutton that remains closed until released 
by hand. This type of pushbutton is known as the main- 
tained type, and the contacts are held closed mechanically. 
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Low-voltage protection is secured by a momentary- 
contact-type pushbutton. Figure 1 shows the diagram 
fora low-voltage-protection pushbutton connection ; 


Figure 2, the diagram for low-voltage release. 


A control button does one of two things—it either 
makes a circuit or breaks a circuit. Heavy-duty push- 
button stations are arranged so that either operation or 
both operations can be obtained on the same unit. This 
ability to make or break circuits is exceedingly useful 
when more than just the start and stop functions are 


desired. 


Any combination of control sequence for low-voltage 
protection can be obtained by applying these two funda- 
mental rules: ; 


buttons in series with the holding ‘ 


and with the electrical interlock. 
th each other 


ded in any of the 
These 


open operat 

switches which are spring 
tection, and low-voltage 
contact switches. _ 


In the accompanying diagrams number 1 has been 
used to designate the control circuit to the start button; 
2, the point common to the start-stop button; and. 3, 
the stop button. On some controls manufactured cur- 
rently these same markings are used _to aid in making 
common pushbutton connections. The holding inter- 
lock parallels the start button; therefore, in the schematic 
diagrams it is connected to points 1 and 2 of the push- 
buttons. ahs 
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FIGURE 1. Buttons: _Two MOMENTARY-CONTACT, ONE CLOSED 
ONE OPEN. CIRCUIT: Low-VOLTAGE PROTECTION, SINGLE STATION. 
Duty: START-STOP : 


Stop Start 
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UTTONS: Two MAINTAINED ConTACT. C 
Bey - . Circuit: Low- 
LEASE, SINGLE STATION. Duty. START-STOP he 
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Figure 3. BUTTONS: FouR MOMENTARY-CONTACT, TWO CLOSED, Ss; 
- ‘Two OPEN. CIRCUIT: LOow-VOLTAGE PROTECTION, TWO STATIONS. Ma 


Duty: START-STOP, START-STOP r . B 
IGURE Oo. U : 
TTONS: TWO MOMENTARY-CONTACT AND ONE Car CnOr 


swiTcH. CircuIT: Low-v E 
: -VOLTAGE 
E Hs GE PROTECTION PLUS INCHING, Duty: 





Start Inch Stop 
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FicurE 4. BUTTONS: FouR MOMENTARY-CONTACT, TWO OPEN, 
TWO CLOSED. Circuit: LOW-VOLTAGE PROTECTION WO STA-  » 
TIONS (ONLY THREE WIRES BETWEEN STATIONS). UTY: START- FIGURE 6 But 
; ’ . TONS: THREE MOME 
NTARY-CONTACT AND 
INCHING 


STOP, START-STOP PY RELAY CIRCUIT: W-Vv rE 
ee. : It: LOW-VOLTAGE PROTECTION 
we INc 

Yenc. Duty: Srart-incu-stop I PLUS FOOLPROOF 
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FIGURE 7. BUTTONS: Tw 
CLOSED WITH SAFETY LATCH. 


O MOMENTARY-CONTACT, ONE OPEN, ONE 
CIRCUIT: Low-VOLTAGE PROTECTION. 


Duty: START-STOP (ON INCH FOR LATCH 


Start Stop Inch 


FicurE 8. Butrons: 
ONE CLOSED. CIRCUIT: 
BY HOLDING DOWN STOP BUT? 


LOW-VOLTAGE PROTECTION PLUS INCHING 
ON. DUTY: START-INCH-STOP 
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THREE MOMENTARY-CONTACT, TWO OPEN, 


Forward Reverse Stop 


Ficure 9... Buttons: THREE MOMENTARY-CONTACT, TWO OPEN 
ONE CLOSED. Circuit: LOW-VOLTAGE PROTECTION, INTERLOCKED 
THROUGH PUSHBUTTONS. Duty: FORWARD-REVERSE-STOP 


Forward Reverse Stop 


a 
URE K : 
., ONS: Rae MOMENTARY-CONTACT, TWO OPEN 
BeooeD. CUIT: LOW-VOLTAGE~ PROTECTION WITH ELEC- 
a cKs. Duty: FORWARD-REVERSE-STOP 
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